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A  NEW  SUSPENSION  FOR  THE  CONTACT  WIRES  OF 
ELECTRIC  RAILWAYS  USING  SLIDING  BOWS.* 

By  Joseph  Mayer,  M.  Am.  Soc.  C.  E. 


With  Discussion  by  Messrs.  R.  D.  Coombs,  Charles  Eufus  Harte, 
AND  Joseph  Mayer, 


For  high  speeds  and  the  high  voltages  generally  used  with  them, 
the  ordinary  trolley  wire  suspension  has  proved  unsatisfactory.  Single 
or  double  catenary  suspensions,  therefore,  have  largely  taken  its  place. 
They  permit  the  use  of  longer  spans,  and  thereby  diminish  the  number 
of  poles,  brackets,  and  insulators. 

With  single  catenary  suspensions,  spans  of  120  to  150  ft.  are 
mostly  used.  In  these  the  contact  wire  is  suspended  at  short  intervals 
from  a  galvanized  steel  strand  above,  and  is  approximately  straight 
and  of  the  same  length  at  all  temperatures.  Cold  weather,  therefore, 
greatly  increases  its  tension.  The  amount  of  increase  depends  on  the 
modulus  of  elasticity  and  the  coefficient  of  expansion  of  the  wire. 

The  modulus  of  elasticity  of  copper  wire  varies  considerably.  For 
very  hard  wires,  it  is  given  as  high  as  20  000  000  lb.  per  sq.  in.;  for 
moderately  hard  wire,  such  as  is  commonly  used  for  contact  lines, 
Mr.  Blackwell  gives  16  000  000  lb.  as  a  fair  average.     The  coefficient 

of  expansion  for  changes  of  temperature  is per  degree,  Fahren- 

104  400^ 

*  Presented  at  the  meeting  of  February  5th  1908. 
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heit.  The  change  in  tension  per  square  inch,  per  degree  Fahrenheit, 
in  a  wire  of  constant  length,  therefore,  is  191.5  lb.  in  the  former,  and 
153.2  lb.  in  the  latter  case. 

For  140°  variation  of  temperature,  the  change  in  tension  per 
square  inch  is  26  810  lb.  in  the  former,  and  21450  lb.  in  the  latter 
case.  To  avoid  this  variation  in  the  tension  of  the  contact  wire,  an 
automatic  adjustment  of  its  length  has  been  adopted  on  the  line, 
Blankenese-Ohlsdorf,  near  Hamburg,  Germany,  recently  opened  for 
traffic. 

If  the  contact  wire  is  firmly  held  by  rigid  suspenders  without 
hinges,  the  sliding  bow  which  rises  between  succeeding  suspenders 
bends  the  wire  in  a  rather  sharp  curve  as  it  approaches  them.  At  the 
suspenders  this  curve  is  convex  downward.  To  prevent  the  jumping 
of  the  sliding  bow  at  these  curves,  it  must  be  very  light,  and  the  wire 
must  be  under  high  tension.  At  a  speed  of  75  miles  per  hour  the 
sliding  bow,  with  suspenders  10  ft.  apart,  must  make  eleven  complete 
up-and-down  oscillations  per  second.  With  such  rapid  oscillations, 
even  if  they  are  of  very  small  amplitude,  it  is  very  difficult  to  prevent 
jumping  and  sparking;  it  is  impossible,  without  springs  between  the 
bow  and  its  heavy  supporting  frame,  unless  the  bow  itself  is  a  spring. 

The  bending  strains  in  the  wire  at  the  suspenders  are  also 
objectionable.  To  avoid  large  deflection  of  the  contact  wire  by  the 
pressure  of  the  sliding  bow,  its  minimum  tension  in  summer  must  be 
considerable.  The  tension  in  winter  is  then  very  large.  To  this  must 
be  added  the  bending  strains  arising  from  the  deformations  caused 
by  wind  pressure,  changes  of  temperature,  and  the  pressure  of  the  slid- 
ing bow.  At  high  speed  the  latter  is  very  variable  because  the  bow 
oscillates  rapidly.  The  consequent  bending  strains  in  the  contact  wire 
are  greatly  reduced,  in  the  Blankenese-Ohlsdorf  line,  by  the  use  of  a 
supplementary  steel  wire  some  distance  above  and  parallel  with  the 
copper  contact  wire.  The  contact  wire  is  hung  by  loops,  3  m.  apart, 
from  this  steel  wire,  and  can  rise  at  these  loops,  thus  permitting  the 
wave  raised  by  the  sliding  bow  to  pass  unhindered. 

The  supplementary  wire,  which,  like  the  contact  wire,  is  nearly 
horizontal  at  all  temperatures,  is  carried  by  suspenders,  at  intervals 
of  6  m.,  from  a  steel  strand  above  having  considerable  deflection. 
The  contact  wire  is  grooved,  and  100  sq.  mm.  in  cross-section,  the 
steel  wire  is  6  mm.  in  diameter,  and  the  steel  strand  above  is  of  seven 
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wires,  haviug  a  total  cross-section  of  350  mm.  With  a  small  contact 
pressure,  the  lifting  of  the  wire  by  cross-winds  and  the  passing  sliding 
bow  may  not  be  sufficient  to  permit  the  latter  to  touch  the  supple- 
mentary wire  and  the  suspenders.  The  whole  design  is  ingenious,  but 
complicated  and  expensive  to  install,  and  probably  troublesome  to 
maintain.  It  shows  a  clear  appreciation,  resulting  from  past  experi- 
ence, of  the  main  defects  of  the  catenary  suspensions,  namely,  the 
excessive  tension  in  the  contact  wire  in  winter,  the  large  bending 
strains  in  the  wire  at  the  suspenders  produced  by  the  sliding  bow, 
and  the  jumping  of  the  latter. 

The  details  of  the  automatic  adjustment  of  the  tension  of  the 
contact  wire  by  counterweights  are  complicated,  due  to  the  necessity 
of  insulation,  and  the  impossibility  of  running  the  wire  over  pulleys 
of  moderate  size  without  excessive  bending  strains.  The  writer  is 
not  aware  that  such  details  have  been  published.  The  spans  of  the 
carrying  strand  are  48  m.,  and  steady  •  braces  are  used  at  the  brackets 
to  prevent  any  lateral  deflection  of  the  contact  wire  there.  Large 
bending  strains  in  the  contact  wire,  at  these  points  and  probably  at 
the  automatic  adjustment  of  its  length,  due  to  lateral  deflection  by 
wind  pressure,  are  inevitable.  That  such  complicated  and  expensive 
contrivances  have  been  adopted,  in  the  country  having  the  longest 
experience  with  catenary  suspensions,  proves  that  the  much  simpler 
structures  previously  in  use  have  not  been  satisfactory  even  with  the 
moderate  speeds  used  thus  far.  This  is  also  confirmed  by  the  recent 
adoption  of  very  short  spans  without  ropes,  but  with  two  wires  per 
phase,  tied  together  at  short  intervals,  for  the  approaches  of  the 
Simplon  Tunnel. 

Since  the  adoption  of  steel  strands  for  carrying  the  contact  wire 
leads  to  such  complicated  contrivances,  it  is  worth  while  to  search  for 
a  simpler  solution  of  the  problem.  A  clear  statement  of  it  will  be 
helpful  for  the  purpose. 

The  contact  wire  serves  as  the  track  for  a  rapidly  moving  sliding 
bow.  It  cannot  be  straight  because  it  must  pass  at  an  elevation  of 
about  16  ft.  under  overhead  crossings  and  at  an  elevation  of  about  24 
ft.  over  grade  crossings.  The  horizontal  curvature  gives  no  trCfuble  in 
this  respect,  as  long  as  the  wire  does  not  pass  beyond  the  range  of  a 
sliding  bow  of  moderate  length.  The  sliding  bow,  however,  must 
follow  the  vertical  curvature  of  the  wire.     This  results  in  centrifugal 
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force  and  consequent  variation  of  the  contact  pressure.  The  amount 
of  centrifugal  force  is  proportional  to  the  square  of  the  train  speed' 
and  to  the  weights  of  the  parts  of  the  sliding  bow  and  its  supporting 
frame  moving  in  curves,  and  inversely  proportional  to  the  radii  of 
curvature  of  their  motion.  Where  the  curvature  of  the  motion  of  the 
sliding  bow  is  convex  upward,  the  contact  pressure  is  increased;  where 
it  is  convex  downward,  it  is  reduced.  The  increase,  if  acting  on  the 
wire,  should  not  be  large  enough  to  produce  dangerous  bending  strains, 
and  the  reduction  should  not  produce  interruption  of  contact  and  con- 
sequent sparking. 

The  contact  wire  is  exposed  to  tensions  and  bending  strains,  pro- 
duced by  weights,  wind  pressures,  pressure  of  the  sliding  bow,  and 
changes  of  temperature.  The  sum  of  these  should  never,  and  nowhere, 
exceed  a  safe  limit.  These  ends  should  be  attained  by  the  simplest 
possible  means.  Simplicity  demands  the  use  of  long  spans,  and  these 
require  large  deflections  in  the  contact  wire  for  preventing  excessive 
tensions.  With  large  vertical  deflections,  strong  winds  produce  large 
horizontal  deflections.  The  length  of  the  practicable  sliding  bow  fixes 
the  permissible  horizontal  deflection.  Large  and  round  wires  are  de- 
flected less  by  wind  than  small  and  grooved  wires.  The  permissible 
vertical  deflection,  therefore,  is  influenced  by  the  practicable  length 
of  the  sliding  bow  and  the  shape  and  size  of  the  wire.  Drop  of  tem- 
perature shortens  the  wire,  reduces  its  deflection,  and  increases  its  ten- 
sion; it  thereby  reduces  the  safe  span. 

An  adjustment  which  will  lengthen  the  wire  in  winter  will  evi- 
dently permit  the  safe  use  of  longer  spans.  Large  deflections  result 
in  steep  terminal  slopes  of  the  contact  wire,  and  a  large  variation  of 
this  slope  is  produced  by  changes  of  temperature  and  by  the  lifting 
of  the  wire  by  the  passing  sliding  bows.  The  large  lateral  deflections 
produce  large  lateral  slopes  of  the  wire  at  the  clamps.  If  the  wire 
leaves  the  clamps  in  a  fixed  direction  it  will  be  bent  up  and  down  by 
changes  of  temperature  and  the  passing  sliding  bows,  and  to  the 
right  and  left  by  cross-winds.  This  bending  of  the  w]re  at  the  ends 
of  the  clamps  results  in  bending  strains  which  are  large  in  long  spans 
and  are  the  principal  reason  why  such  spans  are  impracticable  with 
ordinary  clamps. 

If  long  spans  are  to  be  used  with  safety,  these  strains  must  be  re- 
duced.    Due  to  the  variable  vertical  terminal  slope  of  the  wire,  the 


V 


PLATE  I. 

TRANS.  AM.  SOC.  CIV.  ENQR8. 

VOL.  LXI,     No.  1077 

MAYER    ON 

SUSPENSION  FOR  WIRES  OF  ELECTRIC  RAILWAYS. 


SIDE  VIEW 


^^^^^^^    -m"/^  y^^^^y^^ 


'Extreme  positi*  .,yy) 
Boxv-  Pin  1C7  in'"' 
Range  of  Verti 
relative  to  hin^^^ 


HIGH-SPEED  SLIDING  BOW 

VERTICAL  RANGE  OF  MOTION  8  FT. 
PART  ABOVE  A-B  IS  NEV>^ 


Thi's  Bow  jg  suitable  : 
speeds  up  to  50  miles 
and  for  75  miles  per  1: 
EqfuivalentWei^<;^  SLIDING  BOW 


PLAN 


1  ^6  loJ* 


■^jmadiam  Steel  boTte  X  di: 
'•     tube*tl052 


# 


PLATE  I. 

TRANS.  AM.  SOC.  CIV.  ENORS. 

VOL.  LXI,     No.  1077 

MAYER   ON 

SUSPENSION  FOR  VKIRES  OF  ELECTRIC  RAILWAYS. 


BmtPkJk'.   ■/;;  .1,  if;  i„„. 


SUSPENSION   FOR  WIRES  OF   ELECTRIC   RAILWAYS  .> 

sliding  bow  approaches  the  clamp  with  a  variable  upward  slope  of  its 
motion.  It  should  pass  the  clamp  along  a  curve  of  large  radius  tan- 
gent to  this  variable  slope  of  approach.  This  is  not  practicable  if  the 
wire  leaves  the  clamp  in  a  fixed  direction. 

The  reduction  of  the  bending  strains  in  the  contact  wire  at  the 
clamps  and  the  creation  of  a  smooth  track,  of  large  curvature,  at  all 
temperatures,  for  the  sliding  bow,  is  obtained  by  the  suspender  shown 
on  Plate  I.  It  consists  of  four  castings  firmly  bolted  together  and 
provided  with  a  central  ear  for  attaching  it  to  an  insulator  pin.  The 
wire  is  firmly  held  in  the  central  part  of  the  suspender.  It  leaves 
this  central  part  8  in.  long  with  vertical  slopes  of  3%  below  the 
horizontal.  The  suspender  is  designed  for  240-ft.  spans  of  000  B.  &  S. 
gauge  wire,  with  2i  ft.  maximum  vertical  deflection.  It  is  intended 
for  use  on  a  line  having  maximum  train  speeds  not  exceeding  80 
miles  per  hour. 

The  variation  of  temperature  is  assumed  at  140°  fahr.  Strain 
adjusters,  one  mile  apart  (to  be  described  later)  in  effect  reduce  this 
variation  to  84°  fahr.  The  central  part  of  the  suspender  encloses  the 
wire.  The  sliding  bow  moves  here,  along  the  bottom  of  the  suspender, 
along  an  arc  of  a  circle  having  a  radius  of  11  ft.  IJ  in.  Where  the 
wire  leaves  the  central  part,  its  bottom  is  tangent  to  the  bottom  of  the 
suspender.  Next  to  the  central  part  of  the  suspender  are  two  chan- 
nels, open  below.  These  channels  have  top  walls  which,  in  effect,  are 
horizontal  cylinders  of  75  ft.  radius.  The  top  walls  are  tangent  to  the 
top  of  the  wire  where  it  leaves  the  central  part.  The  walls  are  recessed, 
for  easier  manufacture.  The  side  walls,  which  are  only  14  in.  long, 
are  vertical  cylinders  of  70  ft.  radius.  They  are  tangent  to  the  sides 
of  the  wire  where  it  leaves  the  central  part.  Below  these  terminal 
channels  of  the  suspender  the  sliding  bow  moves  along  the  bottom  of 
the  wire.  The  lower  edge  of  the  side  walls,  for  all  positions  of  the 
wire,  is  above  its  bottom,  so  that  the  side  walls  will  not  interfere  with 
the  sliding  bow.  On  curves,  the  suspender  is  hung  with  its  bottom 
parallel  to  the  plane  of  the  track. 

The  wire  is  assumed  to  have  an  ultimate  strength  of  50  000  to 
60  000  lb.  per  sq.  in.  and  an  elastic  limit  of  40  000  to  45  000  lb.  The 
modulus  of  elasticity  is  assumed  at  16  000  000  lb.  With  these  assump- 
tions, the  largest  tension  in  the  wire  is  20  850  lb.  per  sq.  in.  The 
largest  bending  strain  at  the  same  time  is  5  340  lb.    This  gives  a  total 
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niaxiiiuim  strain  of  26  190  lb.  No  ice  was  assumed  on  the  contact  wire. 
Ice  averaging  i  in.  in  thickness,  increasing  the  diameter  by  I  in.,  would 
increase  the  tension  to  22  450  lb.  per  sq.  in. 

These  strains  give  to  the  contact  wire  about  the  degree  of  safety  of 
first-class  railroad  bridges.  They  amount  to  about  as  much  as  the 
maximum  tensions,  exclusive  of  bending  strains,  in  the  contact  wires 
of  the  best  catenary  suspensions  of  the  United  States. 

For  a  speed  of  80  miles  per  hour,  the  equivalent  weight  of  the 
sliding  bow  should  not  exceed  2^  lb.,  that  is,  the  sliding  bow  and  its 
frame  should  produce  no  larger  centrifugal  force  than  a  weight  of 
2i  lb.  moving  like  the  contact  point.  With  a  wind  pressure  of  12  lb. 
per  sq.  ft.  of  wire,  counting  diameter  into  length  as  the  area,  its 
largest  lateral  deflection  is  1.8  ft. 

To  avoid  cutting  a  groove  in  the  sliding  bow,  the  suspenders  must 
be  placed  alternately  to  the  right  and  left  of  the  center  line  of  the 
track.    The  sliding  bow  must  have  an  effective  length  of  4  ft. 

The  suspender  is  similar  in  its  action  to  the  saddle  carrying  a 
cable  of  a  suspension  bridge.  It  is  an  inverted  saddle,  open  below, 
and  provided  with  sides  and  a  roof  against  which  the  wire  rests  when 
it  is  deflected  upward  or  to  the  sides.  The  term,  saddle  suspension, 
therefore,  appears  to  be  an  appropriate  name. 

The  strain  adjuster,  shov/n  on  Plate  II,  consists  essentially  of 
two  half  suspenders,  each  cast  in  two  pieces,  and  carrying  cross-heads 
which  are  guided  by  a  stout  steel  bar  and  moved  by  steel  or  bronze 
screws.  The  half  suspenders  change  the  direction  of  motion  of  the 
sliding  bow  to  a  horizontal  one.  Two  properly  shaped  plates  form 
the  track  for  the  sliding  bow  between  the  two  half  suspenders.  The 
whole  is  attached  to  a  suitable  frame,  and  is  carried  by  insulators 
from  a  bridge  crossing  the  tracks.  The  distance  between  the  two 
half  suspenders  can  be  varied  about  2  ft.  8  in.  by  turning  the  screws. 
The  brackets  carrying  the  other  suspenders  must  be  hinged  at  the 
posts,  so  as  to  permit  free  motion  of  the  suspenders  within  a  limited 
range,  approximately  in  the  direction  of  the  track,  without  changing 
the  direction  of  the- suspenders.  The  tension  in  the  contact  wire  will 
then  automatically  readjust  the  position  of  the  suspenders  and  the 
lengths  of  the  spans  when  the  screws  of  the  strain  adjusters  are 
turned.  The  same  end  can  also  be  easily  attained  by  span  wire  con- 
struction. 
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The  bridge  carrying  the  strain  adjusters  and  its  supporting  posts 
should  be  of  sufficient  strength  to  serve  as  an  anchorage  in  case  the 
contact  wire  of  an  adjoining  span  is  broken  by  a  deraihiient  overturn- 
ing a  post.  The  swinging  brackets  or  span  wires,  in  this  case,  will 
probably  prevent  the  overturning  of  other  posts.  The  adjustment 
must  take  place  once  or  twice  in  the  fall,  when  the  cross-heads  are 
let  out,  and  as  often  in  the  spring,  when  they  are  pulled  together.  It 
will  generally  be  possible  to  reduce  the  variation  of  temperature  with 
one  adjustment  to  84°  fahr.  or  less.  These  strain  adjusters  effect  a 
large  reduction  of  the  maximum  tension  in  the  contact  wire,  and 
thereby  make  possible  the  safe  use  of  longer  spans  with  moderate 
maximum  deflections.  An  automatic  adjustment  producing  constant 
tension  in  the  contact  wire  would  be  desirable,  and  is  attempted  in  the 
Blankenese-Ohlsdorf  line.  It  is  reported  that  the  contact  wire  is 
run  over  pulleys  to  the  side  of  the  track  and  attached  to  counter- 
weights. The  wires  used  are  probably  grooved,  and  at  least  0.2  in. 
wide.  Running  such  a  wire  over  a  pulley  25  ft.  in  diameter  results 
in  a  bending  strain  of  10  667  lb.  per  sq.  in.  This  balances  the  reduc- 
tion in  tension  obtained.  To  gain  any  advantage,  a  much  larger 
pulley  must  be  used. 

The  writer  believes  that  large  bending  strains  in  the  contact  wire 
cannot  be  avoided  in  any  adjustment  appliance,  without  using  sub- 
stantially the  suspender  here  described.  After  a  nixmber  of  futile  at- 
tempts to  find  something  more  perfect  and  automc/ic  than  his  strain 
adjuster,  he  arrived  at  the  conclusion  that  a  further  reduction  of  the 
maximum  tension  in  the  contact  wire  cannot  be  obtained  at  moderate 
cost  by  any  sufficiently  simple  and  reliable  strain  adjuster. 

With  the  catenary  constructions,  large  deflection  of  the  contact 
wire  by  the  sliding  bow  must  be  prevented  by  the  stiffness  and  tension 
of  the  wire.  To  obtain  these  safely,  a  large  wire  is  essential  for  high 
speed.  With  the  saddle  suspension,  0  B.  &  S.  gauge  wire  is  fully 
adequate  to  obtain  the  requisite  mechanical  strength;  therefore,  with 
it,  the  size  of  the  wire  is  mainly  governed  by  the  needed  electrical 
conductivity. 

On  a  superficial  consideration  it  would  appear  that  it  is  more  diffi- 
cult to  make  a  sliding  bow  that  will  rise  and  fall  1  or  2  ft.  during  the 
passage  of  a  240-ft.  span  than  to  make  one  that  will  rise  and  fall 
*  in.  or  1  in.  in  a  span  of  10  or  13  ft.     The  opposite,  however,  is  true. 
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The  sliding  bows  used  with  catenary  suspensions  must  be  able  to 
follow  the  wire  at  overhead  and  grade  crossings;  therefore,  they  must 
have  a  range  of  vertical  motion  of  about  8  ft.  Unless  the  approach 
slopes  to  these  crossings  are  made  very  long,  the  sliding  bows  must  be 
able  to  follow  the  contact  wire  around  a  considerable  vertical  angle. 

With  the  saddle  suspension,  the  sliding  bow  must  follow  a  vertical 
angle  in  the  contact  line  at  every  suspender.  The  necessary  ability 
to  do  so  is  used  more  often  with  the  saddle  suspension.  The  sliding 
bow  described  in  Appendix  C  can  be  used  for  the  highest  railway 
speeds  with  a  properly  designed  saddle  suspension. 

The  sliding  bow  for  the  catenary  suspension  must  also  be  fit  for 
extremely  rapid  oscillations  of  small  amplitude.  In  oscillations  of  the 
same  amplitude,  the  maximum  velocity  of  the  oscillating  body  is 
proportional  to  the  number  of  oscillations  per  second,  and  the  maxi- 
mum acceleration  is  proportional  to  the  square  of  this  number.  The 
maximum  velocity  and  acceleration  are  both  proportional  to  the 
amplitude.  The  variation  of  the  contact  pressure  is  proportional  to 
the  maximum  vertical  acceleration  of  the  sliding  bow.  With  the 
same  law  of  oscillation,  the  same  maximum  acceleration  would  be  ob- 
tained if  the  amplitude  were  inversely  proportional  to  the  square  of 
the  number  of  oscillations  per  second.  In  this  case  the  amplitude  of 
the  large  and  slow  oscillations  with  the  saddle  suspension  and  that  of 
the  small  and  rapid  oscillations  with  the  catenary  suspensions  are 
about  inversely  proportional  to  their  numbers  per  second.  The  laws 
of  the  two  oscillations  are  not  the  same,  but  it  is  evident  that,  with 
the  suspenders  here  described,  the  small  and  rapid  oscillations  of  the 
catenary  suspensions  require  a  larger  upward  acceleration  of  the 
sliding  bow,  and  therefore  produce  a  larger  reduction  of  the  contact 
pressure. 

With  the  catenary  suspensions,  the  calculation  of  the  variation  of 
the  contact  pressure  is  extremely  complicated,  and,  the  writer  believes, 
has  never  been  accurately  performed.  With  a  properly  designed  saddle 
suspension,  the  calculation  is  simple,  the  shortest  radii  of  the  curva- 
ture of  the  motion  of  the  sliding  bow  being  given  in  the  design  of 
the  suspender. 

The  foregoing  gives  the  results  of  the  writer's  investigations,  the 
proofs  are  given  in  the  appendices. 

Reviewing  the  problem:  The  aim  is  a  safe  contact  wire,  cheap  to 
construct  and  maintain,  offering  a  suitable  track  for  a  rapidly  moving 
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sliding  bow.  The  wire  is  safe  if  exposed  to  moderate  maximum  strains 
not  exceeding  three-fourths  of  its  elastic  limit.  To  prove  its  safety, 
the  bending  strains  and  tensions  produced  by  the  incident  forces  and 
the  changes  of  temperature  must  be  calculated. 

The  suspender  here  described  is  imperfect  in  several  respects : 

First.  It  is  unsuitable  for  lines  using  trolley  wheels. 

Second.  Since  the  wire  in  the  terminal  channels  is  convex  down- 
ward, the  sliding  bow,  for  high  speed,  to  avoid  jumping,  must  be  light, 
and  the  static  contact  pressure  considerable.  For  the  highest  speeds, 
the  use  of  strain  adjusters  is  essential. 

Third.  The  wire  at  the  center  of  the  suspender  must  be  sharply 
bent  so  that  it  receives  a  permanent  kink.  This  is  inconvenient  if,  for 
any  reason,  a  readjustment  is  desired. 

Fourth.  The  remaining  bending  strains  in  the  wire  are  about  8  000 
Ih.  per  sq.  in.  when  strain  adjusters  are  used,  and  more  than  10  000  lb. 
per  sq.  in.  without  strain  adjusters.  This,  with  the  tension,  gives  a 
total  strain  of  from  26  000  to  28  000  lb.  per  sq.  in.  of  wire.  This  is 
considered  excessive  by  some  engineers. 

Fifth.  Many  different  shapes  of  suspender  are  required  to  meet  the 
varying  conditions,  and  great  accuracy  of  manufacture  is  needed  to 
obtain  the  proper  curvature  of  the  wire. 

For  these  reasons,  the  suspenders  are  very  expensive.  A  simpler 
and  much  cheaper  suspender,  avoiding  all  these  defects  and  giving 
bending  strains  in  the  wire  only  about  half  as  large,  will  be  described 
later. 

Appendix  A  gives  the  derivation  of  approximate  formulas  for  cal- 
culating the  bending  strains  produced  by  normal  forces  in  a  wire 
under  tension. 

Appendix  B  calculates  the  maximum  coexisting  bending  strains 
and  tensions  for  a  particular  case  of  the  saddle  suspension;  it  also 
gives  the  bending  strains  and  tensions  for  a  suspension  with  ordinary 
clamps. 

Appendix  C  gives  the  theory  and  description  of  a  sliding  bow, 
suitable,  with  the  highest  train  speeds,  for  the  saddle  suspension.  In 
previous  pamphlets,  entitled:  "Overhead  Contact  Lines"  and  "The 
Saddle  Suspension,"  the  writer  has  described  the  same  problem,  and 
has  there  compared  the  different  suspensions.  His  views  on  several 
details  have  since  been  modified  by  a  study  of  the  action  of  sliding 
bows. 
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APPENDIX  A. 

In  many  designs  of  suspensions,  the  bending  strains  in  the  contact 
wire  far  exceed  the  tensions.  Their  neglect  makes  many  inferences 
from  calculations  of  the  tension  only  utterly  misleading. 

The  writer  has  developed  formulas  for  calculating  the  bending 
strains  in  the  contact  wire  produced  by  a  known  pressure  of  the  slid- 
ing bow,  and  those  at  the  ends  of  the  clamps  firmly  holding  the  wire 
in  a  fixed  direction  produced  by  lateral  and  vertical  deflections.  For 
round  copper  wires  having  a  modulus  of  elasticity  of  16  000  000  lb. 
per  sq.  in.  the  formulas  are  as  follows : 

For  0000  B.  &  S.  sauge  wire  S  =  10  900  -fL 

-    "  Vt 

•■      000 ,S  =  llsOO-^ 

Vt 

Vt 

0 ,S  =  1.3  600-^ 

Vt 

Q  is  the  pressure  of  the  sliding  bow,  in  pounds; 
T  is  the  tension  in  the  wire,  in  pounds ; 
S  is  the  bending  strain  per  square  inch. 

The  formulas  are  approximately  correct  for  the  usual  values  of 
Q  and  T. 

In  a  wire  held  in  a  clamp  and  exposed  to  a  tension,  T,  differing  in 
direction  from  that  of  the  wire  where  it  issues  from  the  clamp  there 
arises  a  bending  strain  largest  at  the  end  of  the  clamp.  If  the  tension, 
T,  is  decomposed  into  a  component  acting  in  the  direction  of  the 
issuing  wire  and  a  component,  N ,  normal  to  it,  then  the  above 
formulas  give  the  bending  strain  per  square  inch  for  Q  =^  2  N. 

The  proof  for  these  formulas  for  wires  with  a  modulus  of  20  000  000 
lb.  per  sq.  in.  is  given  in  the  writer's  pamphlet,  "Overhead  Contact 
Lines."  8  is  approximately  proportional  to  the  square  root  of  the 
modulus  of  elasticity. 


APPENDIX    B. 


Calculation  of  a  suspender  for  a  240'ft.  span  of  000  wire  with  2  ft. 
6  in.  maximum  vertical  deflection,  for  a  train  speed  of  80  miles  per 
hour.  Variation  of  temperature  11^0°  fahr.,  reduced  in  effect  to  8Jt° 
fahr.  hy  strain  adjusters. 

By  numerous  trial  calculations,  it  was  found  that,  with  the  as- 
sumed speed,  the  design  of  a  suitable  sliding  bow  is  difficult  with 
larger  deflections.     Longer  spans  give  maximum  strains  in  the  con- 
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tact  wire  which,  thougii  much  smaller  than  those  in  the  contact  wires 
of  most  catenary  suspensions,  are  believed  to  be  inadvisable  at  the 
start.  A  large  factor  of  safety  is  possible  with  this  suspension  with- 
out excessive  cost  and  complication;  therefore,  it  has  been  the  govern- 
ing consideration  in  selecting  the  design. 

With  a  deflection  of  2  ft.  6  in.,  the  vertical  terminal  slope  of  the 
wire  is  4.17  per  cent.  A  train  running  at  80  miles  per  hour  will  have 
generally  two  sliding  bows;  these  lift  the  wire  and  approach  the  sus- 
pender at  a  much  flatter  slope.  The  weight  carried  by  the  wire  to  the 
suspender  is  reduced  by  the  two  approaching  bows  by  an  amount 
depending  on  their  contact  pressure  and  distance  apart.  With  a  con- 
tact pressure  of  15  lb.,  which  is  needed  for  preventing  jumping  at 
the  suspenders,  and  30  ft.  distance  of  the  two  sliding  bows,  the  weight 
carried  by  the  wire  to  the  suspender  is  decreased,  at  the  arrival  of  the 
first  bow,  from  60.8  lb.,  the  weight  of  a  half  span  of  wire,  to  32.7  lb. 
The  slope  of  approach  of  the  sliding  bow  is  reduced  in  the  same  ratio, 

32.7 
or   to   4.17   X  ^^  ^  9.24  per  cent.     The  vertical  component  of  the 

velocity  of  the  sliding  bow  at  80  miles  per  hour  is  then  117.33  X  0.0224 
=  2.63  ft.  If  there  is  occasionally  only  one  sliding  bow,  this  upward 
velocity  of  approach  to  the  suspender  is : 

4.17%   X    ^  X  117.33  =  3.14"/  X  117..33  =  3.678  ft. 

As  shown  in  Appendix  C,  this  can  be  easily  taken  care  of  by  the 
sliding  bow  there  described. 

The  length  of  one  span  of  the  contact  wire  is  given  by  the  formula : 

The  tension  due  to  the  weight  of  the  wire  is : 

The  stretch  produced  by  this  tension  is : 

1  460.2  X  240    _  _ 
0.1317X16  000  000        '^•^"^•^"• 
The  length  of  the  wire  without  tension,  therefore,  is  239.9031  ft. 
The  tension  in  the  wire  at  maximum  temperature  with  a  wind  pres- 
sure of  12  lb.  per  sq.  ft.  is : 

0.652  X  240^  _   4  694.4 

where  d  is   the   deflection.      The   stretch   by   this  tension    is  '  ft. 

S 
Equating  the  length  with  the  deflection,  S,  to  the  length  without  tension 
plus  the  stretch,  we  obtain: 

8^  +  S.721  S  =  48.12. 
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And  from  this,  S  =  2.854  ft. :  This  gives  a  tension,  with  maximum 
temperature  and  wind  pressure,  of  1  645  lb.,  or  12  490  lb.  per  sq.  in. 
The  greatest  lateral  deflection  is: 

By  a  similar  equation,  the  deflection  at  minimum  temperature  with 
a  wind  pressure  of  6  lb.  per  sq.  ft.  is  found  to  be  1.434  ft.,  and  the 
tension  2  746.5  lb.,  or  20  850  lb.  per  sq.  in.  With  ice  on  the  wire,  i  in, 
thick,  and  a  wind  pressure  of  6  lb.  per  sq.  ft.  on  the  enlarged  wire,  the 
deflection  is  2.06  ft.,  and  the  tension  2  956  lb.,  or  22  450  lb.  per  sq.  in. 
The  least  vertical  deflection  occurs  at  minimum  temperature  with 
wind  and  without  ice;  it  is  1.33  ft.  This  gives,  for  the  least  vertical 
terminal  slope  of  the  wire,  2.66  :  120  =  2.22  per  cent. 

The  maximum  vertical  terminal  slope  was  found  to  be  4.17  per 
cent.  To  allow  for  the  possible  inaccuracy  in  the  erection,  and  in  the 
modulus  of  elasticity  of  the  wire,  and  for  small  changes  of  grade, 
the  writer  will  assume  a  variation  of  ±  0.24%  from  the  calculated 
minimum  and  maximum  terminal  slopes.  This  makes  the  new  maxi- 
mum slope  4.41  per  cent.  If  the  tube  is  made  to  slope  3%,  then  the 
wire  hangs  down  1.41%  below  it.  This  results  in  a  bending  strain. 
The  tension  with  maximum  vertical  slope  is  1  460  lb.  The  component 
normal  to  the  tube  is : 

0.0141  X  1  4:60  =  20.65  lb. 

In  Appendix  A  it  is  shown  that  the  corresponding  bending  strain 
in  the  wire  is : 

23  600  X  20.65       ,.-.,„„ 

.  =  12  (30  lb.  per  sq.  m. 

-v/1  460 

This  occurs  together  with  a  tension  of  11  088  lb.,  giving  a  total 
strain  of  23  818  lb.  per  sq.  in. 

As  the  tension  increases,  by  the  reduction  of  the  vertical  deflection, 
this  bending  strain  rapidly  decreases.  The  largest  lateral  deflection 
was  found  to  be  1.8  ft.;  this  corresponds  to  a  terminal  lateral  slope  of 
3  per  cent.  If  the  radius  of  the  side  walls  of  the  terminal  channels 
is  made  70  ft.  and  their  length  14  in.,  then  the  terminal  tangent  to 
the  side  wall  has  a  lateral  slope  of  14  :  840  =  1.67  per  cent.  If  the 
wire  rests  against  the  side  wall,  it  leaves  the  suspender  with  this 
lateral  slope.  The  difference  between  this  and  3%  is  1.33%,  and  pro- 
duces a  bending  strain  in  the  wire.  The  tension  at  the  same  time  is 
1  645  lb.,  or  12  490  lb.  per  sq.  in.  The  normal  force  acting  on  the 
wire  is  1  645  X  0.0133  =  22  lb.    The  corresponding  bending  strain  is : 

22  X  23  600 

,  =.  12  800  lb. 

^/\  645 

This  would  produce  a  lateral  curvature  with  a  radius  of  21  ft.  4  in. 
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The  sliding  bow,  at  the  same  time,  may  produce  a  bending  strain 

°^"                                    15X11800       .„.-,, 
^  —  =  4  36o  lb. 

Vl  04o 
The  resultant  of  the  two  bending  strains  is : 

v/l2  800M^  4  365^  =  ^"^  ^'^^  ^^-  i^"'  '^-  ^"- 
This,  together  with  the  tension,  gives  a  total  of  26  330  lb.  The 
actual  bending  strain  is  much  less  than  the  amount  here  calculated, 
because  the  wire,  being  bent  at  the  end  of  the  side  wall  to  a  shorter 
radius  than  that  of  the  side  wall,  lifts  off  it  and  issues  from  the  sus- 
pender with  a  larger  lateral  slope  than  assumed.  This  greatly  reduces 
the  lateral  bending  strain  and  leaves  a  safe  margin  for  error  in 
erection. 

The  least  vertical  end  slope  of  the  contact  wire  when  not  affected 
by  sliding  bows  was  found  to  be  2.22%,  or,  allowing  for  0.24%  error 
from  various  sources,  1.98  per  cent.  This  is  reduced  by  the  raising  of  the 
wire  by  two  approaching  sliding  bows.  A  sliding  bow  with  a  contact 
pressure,  Q,  at  the  distance,  A,  from  the  end  of  a  span,  L,  diminishes 

j^ j^ 

the  weight  carried  by  the  wire  to  that  end  by  — j —   Q.     If  Q  is 

15  lb.,  and  there  are  two  sliding  bows  30  ft.  apart,  one  at  the  suspender, 
then  the  weight  carried  by  the  wire  to  the  suspender  is  decreased  by 
28.12  lb.  The  tension  in  the  wire  with  minimum  slope  is  2  746  lb. 
The  terminal  slope,  therefore,  is  reduced  1.02  per  cent. 

This  reduction  is  at  one  end  of  the  suspender  only.  The  sus- 
pender is  hung  from  a  horizontal  bolt,  and  can  swing  freely  around 
it.  It  will  rise  toward  the  approaching  sliding  bows,  reducing  the 
relative  change  of  slope  due  to  this  cause  to  one-half,  or  0.51  per  cent. 

The  proper  minimum  slope  for  the  calculation,  therefore,  is  1.47 
per  cent.  The  difference  between  this  and  the  tube  slope  is  1.53  per 
cent.  To  produce  this  difference  of  slope  by  a  curved  top  wall  of 
900  in.  radius  requires  a  length  of  900  X  0.0153  =  13.77  in.  There- 
fore, 14  in.  is  ample,  with  a  freely  swinging  suspender.  The  18  in. 
adopted  is  adequate  for  a  fixed  suspender. 

The  suspender  will  turn  with  every  passing  sliding  bow;  therefore, 
it  is  very  improbable  that  it  will  get  stuck  by  rust  if  it  has  at  the 
start  adequate  play  at  the  hinge. 

The  wind  pressure  and  the  lateral  displacement  of  the  suspenders, 
however,  produce  a  lateral  force  which  is  a  source  of  considerable 
friction  at  the  hinge.  Eeasonable  doubt  about  the  freedom  of  motion, 
therefore,  may  be  entertained,  and  the  safest  course,  before  experience, 
is  to  assume  the  suspender  fixed  and  to  make  the  terminal  channels 
18  in.  long. 

Provision   might  be  made   for  lubricating  the  hinge,   and  then  it 
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would  be  safe  to  reduce  the  length  of  the  suspender  or  to  increase  the 
radius  of  the  top  wall.  The  latter  change  would  permit  the  use  of  a 
heavier  sliding  bow  without  resultant  sparking. 

For  determining  the  maximum  strain  in  the  contact  wire,  it  is 
necessary  to  know  the  bending  strains  that  occur  at  the  same  time 
with  the  maximum  tension.  In  this  case,  the  wire  rests  against  the 
top  and  side  walls,  and  there  are  no  bending  strains,  outside  of  the 
suspender,  except  from  the  pressure  of  the  sliding  bow. 

In  the  terminal  channels,  the  bending  strains  are  due  to  lateral 
and  vertical  bending  with  known  radii.  The  strain  due  to  lateral 
bending  is : 

0.20.5  X  16  000  000 


840 
That  due  to  vertical  bending  is: 

0.20.5  X  16  000  000 


90.5  lb. 


8  044  lb. 


900 
The  combined  bending  strain  is: 

V?y  644-+  .3  90.5^=  .5  340  lb. 

If  the  terminal  channels  were  omitted,  the  bending  strain  due  to 
wind  pressure  would  be  30  300  lb.  The  vertical  bending  strain  would 
be  about  one-half  as  much,  and  the  resultant  of  the  two,  34  000  lb.  per 
sq.  in.  This,  with  12  800  lb.  tension,  would  give  a  maximum  strain  of 
46  800  lb.  The  suspension  would  be  unsafe,  even  with  the  84°  varia- 
tion of  temperature  here  assumed.  Without  strain  adjusters,  the 
tensions,  or  the  bending  strains,  or  both,  would  be  vastly  increased. 
At  high  speeds,  the  suspender  would  receive  a  severe  blow  and  the 
wire  a  violent  jerk  with  every  passing  sliding  bow.  Most  sliding  bows 
would  be  broken. 

It  is  of  interest,  in  obtaining  a  practical  confirmation  of  this  theory, 
to  calculate  the  strains  in  the  contact  wire  of  an  ordinary  trolley 
wire  suspension  for  a  span  of  100  ft.  of  000  B.  &  S.  gauge,  round  wire, 
for  variations  of  temperature  of  140°  fahr.,  with  a  wind  pressure  of 
12  lb.  per  sq.  ft.  in  summer,  and  6  lb.  per  sq.  ft.  in  winter. 

Trial  calculations  show  that  a  maximum  deflection  of  about  IJ  ft. 
gives  the  smallest  maximum  strain  in  the  wire.  A  down  slope  of 
li%  where  the  wire  leaves  the  clamp  is  most  favorable. 

The  strain,  with  maximum  temperature  and  wind  pressure,  is 
4  000  lb.  tension  and  27  750  lb.  bending,  giving  a  total  strain  of  31  750 
lb.  per  sq.  in.  At  minimum  temperature,  with  wind,  and  with  two 
sliding  bows  of  15  lb.  contact  pressure  30  ft.  apart,  the  tension  is 
15  600  lb.  and  the  bending  strain  16  900  lb.,  giving  a  total  strain  of 
32  500  lb.  per  sq.  in.  The  terminal  down  slope  of  the  wire,  at  maxi- 
mum temperature,  without  wind,  is  6% ;  at  high  speed,  this,  though 
reduced    by    the    approncbincr    ^^lirling    l^ow.    when    without    adoquate 
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transition  curve,  is  dangerous  to  the  wire,  the  clamp,  and  the  sliding 
bow.  The  suspension,  therefore,  is  only  suitable  for  moderate  speeds. 
The  above  maximum  strains  are  only  moderately  safe.  These  results 
agree  with  actual  experience.  With  smaller  wires,  the  lateral  deflec- 
tions and  the  strains  are  larger,  and  the  degree  of  safety  is  reduced. 

The  saddle  suspension  for  240-ft.  spans,  here  proposed,  gives  much 
smaller  maximum  strains  in  the  contact  wire,  and,  for  all  deflections, 
provides  transition  curves  of  large  radius  which  make  high  speeds 
harmless. 


APPKXDIX    C. 

SLIDING  BOWS  FOR  HIGH-SPEED  ELECTRIC  RAILWAYS. 

The  contact  wire  which  forms  the  track  for  the  sliding  bow  is  sus- 
pended either  at  short  or  long  intervals.  In  the  former  case,  the 
weight  of  a  half  span  of  contact  wire  is  generally  much  less  than  the 
upward  pressure  of  the  sliding  bow,  called  the  contact  pressure.  The 
wire,  therefore,  is  bent  up  by  the  bow  beyond  the  supports.  In  the 
latter  case,  the  wire  of  a  half  span  weighs  more  than  the  amount  of 
the  contact  pressure;  it  is  lifted  by  the  bow  from  its  normal  sag  to 
a  position  still  below  the  horizontal.  In  all  cases,  the  bow  moves  along 
vertical  curves.  At  high  speeds  this  produces  a  considerable  amount 
of  centrifugal  force,  which,  according  to  its  up  or  down  direction, 
increases  or  reduces  the  contact  pressure.  The  increase  should  not 
be  so  large  as  to  produce  dangerous  bending  strains  in  the  wire;  the 
reduction  should  not  be  so  large  as  to  cause  separation  of  the  bow 
from  the  wire  and  consequent  sparking.  The  centrifugal  force  is 
proportional  to  the  weights  of  the  parts  of  the  bow  and  of  its  support- 
ing frame  which  move  in  curves,  and  to  the  square  of  their  speed, 
and  inversely  proportional  to  the  radii  of  curvature  of  their  motion. 
It  is  given  by  the  equation : 

^  ^  -^  rjR-    g^    E 
where  C  is  the  centrifugal  force,  in  pounds,  v  is  the  train  velocity,  in 

w  , 

feet  per  second,  g  is  32.2  ft.,   „  is  the  weight  of  a  part  of  the  sliding 

bow  or  of  its  frame  divided  by  the  radius  of  its  motion. 

sliding  l)0\v  and  its 

of    curvature    of    tlie 

motion  of  the  contact  point,  then  W  is  the  equivalent  weight  of  the 
sliding  bow  and  its  frame;  it  is  the  weight  which,  if  moving  as  the 


^        is  the   sum   of  all   these 

quotients  for  the 

name.        If    2  ^   =  — .    where 

/•    is    the    radius    ( 
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contact  point,  produces  the  same  centrifugal  force  as  the  sliding  bow 
and  its  frame.  With  the  saddle  suspension,  r,  at  the  center  of  the 
suspender,  is  conveniently  made  from  5  to  12  ft.  Here  the  sliding 
bow  presses  against  the  suspender,  and  a  large  contact  pressure  will 
not  endanger  the  wire.  In  the  terminal  channels  of  the  suspenders 
the  wire  is  generally  convex  downward,  and  the  centrifugal  force  re- 
duces the  contact  pressure,  r  can  here  be  made  75  ft.  with,  and  40  ft. 
or  more  without,  strain  adjusters.  For  a  speed  of  80  miles  per  hour, 
an   equivalent  weight,    W,  of   2.5  lb.   and   a  radius,  r,  of  75  ft.,  the 

centrifugal    force   is    C  =    ^"^-.^  l^^Z-'^"   =    1^-25    I'j-      A   minimum 

32.2  X  to 

static  contact  pressure  of  15  lb.  will  be  reduced  by  the  centrifugal 
force  to  0.75  lb.,  and  will  be  adequate  to  prevent  interruption  of  con- 
tact at  the  suspenders. 

Tor  a  speed  of  50  miles  per  hour,  an  equivalent  weight,   W,  of 

3  lb.,  and  a  radius,  r,  of  -10  ft.,  the  centrifugal  force  is  C  =  p-7  9  y  40 

=  12.52  lb.  A  static  contact  pressure  of  15  lb.,  therefore,  is  ample  to 
prevent  interruption  of  contact  at  the  suspenders. 

Plate  I  shows  a  sliding  bow  of  3  lb.  equivalent  weight  when 
6  ft.  long  with  8  ft.  range  of  vertical  motion.  The  bow  is  made  of 
three  aluminum  channels,  and  is  6  ft.  long,  over  all.  It  has  a  shallow 
space  for  grease,  which  latter  must  be  sticky  so  as  not  to  be  thrown 
out  by  centrifugal  force.  The  bow  proper  is  connected  by  hinges  to 
two  radial  arms.  The  latter  are  bolted  to  a  tubular  shaft.  The  shaft 
rests  in  bearings  carried  by  the  ends  of  two  bent  tubes.  Each  of  the 
bent  tubes  is  held  by  a  pin  and  a  sleeve.  The  sleeve  forms  the  upper 
hinge  of  the  main  diamond  frame.  This  diamond  frame  has  exten- 
sions upward  giving  support  to  the  top  of  the  tubes.  The  shaft 
carrying  the  radial  arms  also  carries  at  each  end  two  springs.  The 
free  ends  of  the  larger  or  main  springs  are  inserted  into  holes  in  the 
hubs  of  the  bent  tubes.  The  free  ends  of  the  smaller  springs  rest 
against  the  lower  sides  of  these  hubs.  The  main  springs  press  the 
radial  arms  up;  the  smaller  reverse  springs  press  them  down. 

The  frame  below  A-B  can  be  designed  so  that  its  upward  pres- 
sure, when  it  rises  with  uniform  speed,  is  approximately  constant  and 
produces  a  contact  pressure  of  15  lb.  for  sliding  bows  intended  for 
maximum  speeds  of  50  miles  an  hour.  The  contact  pressure  required 
to  make  the  frame  fall  with  uniform  speed  is  15  lb.  plus  twice  the 
friction.  Assuming  the  friction  at  2  lb.,  the  contact  pressure  with 
uniformly  falling  frame  is  19  lb. 

In  the  following  15  lb.  is  called  the  active  or  minimum  static  con- 
tact pressure,  and  19  lb.  the  passive  or  maximum  static  contact  pres- 
sure.    The  equivalent  weight  of  an  ordinary  diamond-frame  sliding 
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l).)\v  ran  be  greatly  reduced  by  using  an  aluminum  bow  and  lifilit 
vanadium  steel  tubing  witb  McAdamite  connection  castings.  It  will 
bardly  be  possible,  bowever,  to  make  it  less  than  6  lb,  for  a  bow  with 
8  ft.  range  of  vertical  motion.  This,  as  above  shown,  is  too  much 
for  the  highest  speeds. 

With  the  writer's  modified  frame,  the  two  radial  arms  carrying 
the  bow  are  ordinarily  in  an  intermediate  position,  produced  by 
proper  adjustment  of  the  springs.  When  the  bow  approaches  the  sus- 
pender of  the  saddle  suspension  it  rises,  together  with  the  frame,  the 
contact  iiressure  being  15  lb.  After  the  bow  jjasses  the  suspender,  the 
frame  continues  to  rise;  the  bow  itself,  which  rose  as  it  approached 
the  suspender,  is  made  to  fall  as  it  passes  the  central  part  of  the 
latter.  The  contact  pressure  at  the  central  part  of  the  suspender  is 
between  the  latter  and  the  bow,  and,  at  high  speeds,  exceeds  100  lb. 
Beginning  at  the  suspender,  the  radial  arms  turn  down,  and  the 
torque  of  the  springs  increases.  This  increasing  torque  of  the  springs 
determines  the  amount  of  the  contact  pressure.  Due  to  the  presence 
of  these  springs,  the  contact  pressure  depends  on  their  rigidity  and 
the  direction  of  the  radial  arms.  The  heavy  frame  below  the  springs, 
by  its  inertia,  continues  to  move  up,  but  with  a  retarded  motion, 
because  the  increasing  contact  pressure  (together  with  the  weights) 
is  larger  than  the  constant  force  pushing  it  up.  After  the  upward 
velocity  of  the  frame  is  reduced  to  0  (which  occurs,  as  will  be  shown, 
about  0.15  sec.  after  passing  the  bow),  it  begins  to  move  down  with 
an  accelerated  motion.  The  radial  arms,  which  have  been  turning 
down,  begin  shortly  after  to  turn  up  again,  and  they  reach  not  only 
their  original  angle  of  slope,  but  rise  beyond  it.  The  contact  pressure 
decreases  to  less  than  the  minimum  static  pressure,  and  the  downward 
motion  of  the  frame  is  retarded;  it  soon  stops,  and  begins  to  go  up 
again.  After  a  few  oscillations,  the  damping  action  of  the  friction 
stops  the  swinging  of  the  radial  arms. 

It  is  evident,  from  the  foregoing,  that  the  sliding  bow  and  the 
radial  arms  alone  follow  closely  the  sharp  curves  in  the  motion  of  the 
contact  point.  The  sliding  bow  follows  the  curves  accurately,  the 
parts  of  the  radial  arms  nearer  the  shaft  move  in  a  different  manner 
and  their  weight  is  less  important  than  that  of  the  bow. 

The  vn-iter,  in  his  paper  entitled  "Overhead  Contact  Lines,"  has 
shown  that  the  radial  arms  are  equivalent  to  a  weight  one-third  as 
large  moving  like  the  sliding  bow.  The  sliding  bow  proper  weighs 
1.72  lb.  The  equivalent  weight  of  the  sliding  bow  and  radial  arms  is 
3  lb.  In  this  design  the  two  radial  arms  are  bolted  to  the  shaft,  they 
therefore  always  move  through  the  same  angle.  The  whole  sliding 
bow  moves  like  the  contact  point.  The  equivalent  weight  of  the 
frame  largely  determines,  as  will  appear  from  the  following  calcula- 
tions, the  needed  range  of  relative  vertical  motion  of  bow  and  shaft. 
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The  radial  arms  sometimes  point  in  the  direction  of  the  train  motion, 
sometimes  backward. 

There  may  be  a  strong  head  wind.  The  wind  pressure  on  the  slid- 
ing bow  is  then  due  to  the  sum  of  the  velocities  of  wind  and  train. 
If  the  radial  arms  point  forward,  this  wind  pressure  increases  the  up- 
ward slope  until  it  is  balanced  by  the  change  in  the  torque  of  the 
springs.  The  amount  of  the  contact  pressure  is  not  directly  affected 
thereby.  If  the  radial  arms  point  backward,  the  wind  pressure  reduces 
their  upward  slope  until  it  is  balanced  by  the  changed  torque  of  the 
springs.  In  the  former  case  the  remaining  available  upward  range, 
in  the  latter  the  downward  range,  of  motion  is  reduced.  It  is  de- 
sirable, therefore,  to  limit  as  much  as  possible  the  change  in  the  slope 
of  the  radial  arms  produced  by  wind  pressure.  As  will  appear  from 
the  following  calculations,  this  is  attained  by  the  use  of  reverse 
springs.  The  action  of  the  reverse  springs  is  limited  to  only  the  upper 
part  of  the  range  of  motion  of  the  radial  arms. 

The  reverse  springs  used  in  the  design  here  described  have  the 
same  stiffness  as  the  main  springs.  The  change  in  torque  for  a  given 
arc  of  motion,  therefore,  is  twice  as  much  within  the  range  of  their 
action  as  outside  of  it. 

For  showing  the  range  of  adaptation  of  the  sliding  bow,  the  writer 
will  assume  an  unfavorable  case,  namely:  A  span  of  220  ft.,  a  maximum 
vertical  deflection  of  4  ft.,  a  000  B.  &  S.  gauge  wire,  and  a  train  speed 
of  50,  with  an  occasional  head  wind  of  80,  miles  an  hour. 

The  radial  arms  are  30  in.  long  from  center  of  bow  hinge  to 
center  of  shaft.  The  springs  are  adjusted  so  that  the  bow  hinges, 
which  are  on  the  center  line  of  the  sliding  bow,  are  11  in.  above  the 
center  line  of  the  shaft  when  the  contact  pressure  is  15  lb.,  and  the 
train  is  moving  at  a  speed  of  50  miles  an  hour,  while  there  is  no 
wind,  and  the  radial  arms  are  pointing  backward.  In  this  case  the 
wind  pressure  on  the  bow  and  the  radial  arms  is  due  to  the  train 
velocity  only;  it  is  equivalent  to  3.38  lb.  acting  on  the  bow.  The 
weight  of  bow  and  radial  arms  is  equivalent  to  2.75  lb.  at  the  bow 
and  1.85  lb.  at  the  shaft.  The  horizontal  distance  between  the  bow 
hinges  and  the  shaft  is : 

V302  —  112  ^  27.91  in. 

The   resultant   torque   of   the   main   and   reverse   springs   must  be 
equal  and  opposite  to  the  bending  moment  of  the  contact  pressure, 
the  weight  and  the  wind  pressure  on  the  bow  and  arms,  or : 
(15  +  2.75)  X  27.91  +  3.38  X  H  =  532.7  in-lb. 

When  the  radial  arms  are  lowered,  the  torque  of  the  main  springs 
(pushing  them  up)  increases,  that  of  the  reverse  springs  (pushing 
them  down)  decreases.  The  contact  pressure,  which  is  the  main  force 
balancing   the   torque,   therefore   increases    with    the   lowering   of   the 
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arms.  To  avoid  interference  of  the  contact  wire  and  the  main  springs, 
the  how  pins  must  he  at  least  3  in.  ahove  the  center  of  the  shaft.  The 
downward  range  of  motion  from  the  above  position,  therefore,  is 
8  in.  It  has  been  found  by  trial  that  this  range  is  adequate  if  the 
contact  pressure  increases  30  lb.  while  the  bow  moves  through  the 
whole  of  it. 

To  prove  the  adequacy  of  this  range  the  writer  will  choose  the 
springs  so  that  the  contact  pressure  does  increase  30  lb.  while  the 
bow  turns  down  to  3  in.  above  the  center  of  the  shaft,  and  will  then 
calculate  the  actual  relative  motion  of  the  bow  and  shaft  when  the 
bow  advances  from  the  suspender  toward  the  other  end  of  a  span, 
and  will  thereby  prove  that  the  bow  does  not  move  beyond  the  avail- 
able range. 

In  the  lowest  position  of  the  bow,  its  horizontal  distance  from  the 

shaft  is  V  30'  —  3^  =  29.85  in.  The  torque  of  the  springs  must  balance 
the  moment  of  the  weight,  the  contact  pressure,  and  the  wind  pressure 
around  the  shaft;  or, 

torque  =  (45  +  2.75)  29.85  +  3.38  X  3  =  1  435.5. 
The   increase   in   the   torque   of   the   springs   during   this   motion, 
therefore,  is : 

1  435.5  —  532.7  =  902.8  in-lb. 
The  angle,  a,  of  the  radial  arms  (from  shaft  to  hinges)  with  the 

horizontal,  is  given  by  sin.  a  ^  — .  or  «  =  5°  44.36'.     The  angle,  6, 

for  the  first  position,  is  given  by  sin.  h  =  ^>  or  6  =  21°  31.63',  and 

b  —  a  =  15°  47.27'.  The  length  of  the  corresponding  arc  described 
by  the  bow  is  8.266  in.  The  reverse  springs  will  be  adjusted  so  that 
they  act  through  only  the  first  quarter  of  this  arc  and  are  equally 
stiff  with  the  main  springs.  The  change  in  torque  through  the  first 
quarter  of  the  motion,  therefore,  is  twice  as  much  as  in  any  succeed- 
ing quarter.  The  total  change  in  torque,  therefore,  is  as  much  as  in 
five-fourths  of  an  arc  of  8.266  in.  with  only  one  spring,  or  in  10.332  in. 

The  change  in  torque  per  inch  of  arc  is  902.8  :  10.332  =  87.38  in-lb. 
This  applies  to  the  last  three-quarters  of  the  motion.  During  the  first 
quarter  the  change  in  torque  per  inch  of  arc  is  174.76  in-lb.  From 
this  the  size  and  length  of  the  springs  will  be  determined,  in  the 
following : 

The  lowest  position  of  the  sliding  bow  will  evidently  be  reached 
when  the  radial  arms  are  pointing  backward  and  are  turned  down  by 
a  strong  head  wind.  Assuming  the  wind  velocity  80  and  the  train 
velocity  50,  their  relative  velocity  is  130  miles  an  hour.  This  gives 
a  wind  pressure  of  45.6  lb.  per  sq.  ft.,  or,  on  the  sliding  bow,  22.8  lb., 
its  area,  together  with  the  mean  equivalent  area  of  the  radial  arras, 
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being  ^  sq.  ft.  Bx  trial  equations  between  torques  and  moments,  it 
is  found  that  the  radial  arms  are  lowered  1.05  in.  below  the  position 
corresponding  to  15  lb.  contact  pressure  without  head  wind.  With  this 
head  wind,  the  bow,  when  it  passes  the  suspender,  is  only  9.95  in.  above 
the  shaft.  Its  downward  range  of  motion  relative  to  the  shaft,  there- 
fore, is  only  6.95  in.  When  the  bow  is  9.95  in.  above  the  shaft,  the 
angle  of  the  radial  arms  with  the  horizontal  is  19°  22.2'.  The  avail- 
able range  of  downward  motion,  measured  in  degrees,  is  19°  22.2'  — 
5°  44.36'  =  13°  37.84'.  The  corresponding  arc  of  the  bow  measures 
7.137  in.  Of  this  arc,  0.937  in.  is  under  both  springs  with  double 
torque,  the  remainder,  or  6.2  in.,  under  the  main  spring  only.  The 
contact  pressure  of  15  lb.  exists  now  when  the  bow  is  only  9.95  in. 
above  the  shaft.  The  contact  pressure  in  the  lowest  position  is  found 
from  the  equation  between  the  torque  and  the  moment  of  the  acting 
forces.    The  equation  is: 

(2.75  +  Z)  29.85  +  22.8  X  3  =  1 485.5 
where  X  is  the  contact  pressure.  From  this,  X  =  43.03  lb.  The  in- 
crease in  contact  pressure  during  the  down  motion  of  6.95  in.,  there- 
fore, is  43.03  —  15  =  28.03  lb.  Of  this  motion,  0.89  in.  is  under  the 
reverse  springs,  and  6.06  in.  under  the  main  springs  only.  Counting 
the  first  part  double,  we  have  7.84  in.  Dividing  28.03  by  7.84  we  ob- 
tain, where  only  the  main  springs  act,  3.58  lb.  as  the  change  in  the 
contact  pressure  per  inch  of  vertical  relative  motion  of  bow  and 
shaft,  and,  where  the  reverse  springs  also  act,  twice  as  much,  or  7.16  lb. 
The  actual  relative  motion  of  bow  and  shaft,  after  the  bow  passes 
a  suspender,  will  now  be  calculated.  Before  the  bow  reached  the  sus- 
pender, it  and  the  shaft  were  moving  up  together  along  the  contact 
wire.  It  is  necessary  to  ascertain  the  upward  velocity  of  the  shaft 
at  the  moment  when  the  suspender  is  passed.  The  most  unfavorable 
case  is  that  with  maximum  deflection  of  the  contact  wire.  For  this 
case  the  deflection  is  4  ft.  and  the  span  is  220  ft.     The  terminal  down 

S 
slope  of  the  contact  wire,  therefore,  is  yrj)    =  7.273  per  cent.     The 

weight  of  a  half  span  of  the  wire  is  55.8  lb.  This  terminal  slope  is 
reduced  by  the  presence  of  a  sliding  bow  in  the  span.  This  sliding 
bow  lifts  the  wire.  The  suspenders  are  carried  either  by  brackets  or 
a  span  wire  construction  between  pairs  of  poles.  Their  resistance 
to  a  small  longitudinal  motion  of  the  suspenders  is  small.  The  tension 
in  the  contact  wire,  therefore,  will  be  but  little  reduced  by  the  pres- 
ence of  a  sliding  bow  in  a  span.  It  will  be  assumed,  for  the  present, 
to  be  constant.  The  contact  wire  carries  55.8  lb.  to  the  suspender; 
when  a  sliding  bow  with  a  contact  pressure  of  15  lb.  approaches,  this 
end  shear  or  vertical  component  of  the  tension  in  the  wire  is  reduced 
to  55.8  —  15  ::=  40.8  lb.     The  end  slope  of  the  wire  is  reduced  to 
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—  X  0.07273  =  0.05318.  The  train  velocity  is  73.33  ft.  The  velocity 
55. S 

of  upward  motion  of  the  shaft  at  the  suspender,  therefore,  is  0.05318 
X  73.33  =  3.896.  The  sliding  bow  and  the  radial  arms  are  turned 
down  by  the  suspender;  the  contact  pressure  increases;  the  upward 
motion  of  the  shaft,  therefore,  becomes  a  retarded  motion.  The  differ- 
ent parts  of  the  frame  have  a  different  upward  velocity  and  the 
retardation  produced  in  them  is  also  different.  The  inertia  of  the 
whole  frame  (exclusive  of  bow  and  radial  tubes,  but  inclusive  of  their 
hubs)  was  calculated  from  a  design  and  found  to  be  equal  to  that  of 
a  weight  of  16.1  lb.  moving  with  the  vertical  velocity  of  the  shaft 
carrying  the  radial  arms.  This  estimate  is  based  on  the  use  of  nickel 
or  vanadium  steel  tubing  of  not  more  than  the  thickness  needed  for 
ample  strength.  A  vertical  force  of  1  lb.,  acting  on  the  frame,  there- 
fore, will  produce  an  acceleration  of  the  shaft  of  2  ft.  per  sec. 

Considering  now  what  happens  after  the  sliding  bow  passes 
the  suspender,  it  is  evident  that  the  bow  and  the  radial  arms  are 
turned  down  by  the  suspender  and  move  along  the  wire,  which  latter 
is  raised  by  the  contact  pressure.  The  frame  and  the  shaft  continue 
to  rise  by  their  inertia.  The  initial  upward  velocity  of  the  shaft  is 
3.896  ft.  Taking  an  interval  of  -^^  sec,  the  contact  pressure  at  the 
start  is  15  lb.;  it  increases  during  this  time  by  an  amount  depending 
on  the  relative  motion  of  shaft  and  bow.  The  retardation  of  the  shaft 
depends  on  this  increase  of  the  contact  pressure.  The  position  of  the 
sliding  bow  at  the  end  of  tq  sec.  depends  on  the  contact  pressure  then 
existing.  A  formula  might  be  developed  for  finding  the  relative  ver- 
tical motion  of  shaft  and  bow,  but  a  more  convenient  and  shorter 
method  is  to  assume  the  relative  motion,  to  find  the  corresponding 
contact  pressure  at  the  end  of  the  time  interval,  and  to  calculate  from 
it  the  consequent  motion  of  shaft  and  bow  and  their  relative  motion. 
If  the  result  does  not  agree  with  the  assumption  made,  another  relative 
motion  must  be  assumed,  and  the  calculation  repeated.  After  two 
calculations  the  proper  value  can  generally  be  found  closely  by  inter- 
polation. This,  though  circuitous,  is  believed  to  be  shorter  than  the 
development  of  formulas  for  the  many  different  cases  which  must  be 
considered.  Assuming,  then,  the  relative  motion  of  shaft  and  bow 
during  the  first  jV  sec.  to  be  2  in.,  the  contact  pressure  during 
the  first  0.89  in.  of  this  relative  motion  increases  7.16  lb.  per  in.; 
after  this  it  increases  3.58  lb.  per  in.;  at  the  start  it  is  15  lb.  At  the 
end  of  the  time  interval  it  is  [15  +  (3.58  X  0.89)]  -f  (3.58  X  2)  = 
(18.19  +  7.16)  =  25.35  lb.     The  average  contact  pressure  during  the 

15  4-  25  35 
interval  is ^^—   =  20.175  lb.     This  is  5.175  lb.  in  excess  of  the 

15  lb.  which  would  allow  uniform  upward  motion  of  the  frame.  The 
average  retardation   of  the  motion  of  the  shaft  produced   thereby  is 
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10.35  ft.  The  consequent  reduction  of  velocity  during  ji  sec.  is 
0.259  ft.  The  end  velocity  of  the  shaft  is  3.S96  —  0.259  =  3.637  ft. 
The  average  velocity  during  this  interval  is  3.896  —  0.130  =  3.766  ft. 

The   upward  motion  ot  the  shaft,  in  inches,  is  — — — =  1.130  in. 

'  40 

The  contact  pressure  at  the  end  of  the  interval  is  25.35  lb.    The  slid- 

ing  bow  has  advanced  from  the  center  of  the  suspender  by   -^jp  = 

1.8333  ft.     To  obtain  a  convenient  formula  for  finding  the  position  of 

the  sliding  bow.  with  a  contact  pressure,  P,  after  n  intervals  of  jV 

sec.,  the  distance  of  the  sliding  bow  from  the  near  end  of  the  span  is 

n  X  1-8333  ft.     Of  the  pressure,  P,  there  goes  to  the  near  end  of  the 

„  (220  —  1.S3.33 /i)        „,  -w     .„  1      •       •     r.  -M- 

span,  P- ^ -■       The  weight  of  the  assumed  wire  is  O.oOt 

lb.  per  ft.     One-half  the  span  (or  0.507  X  110)  is  carried  to  each  end. 

The  load  carried  to  the  near  end  of  the  span  is 

^  P  X  1.^3.33  n 
0.507  X  110  —  P ^^^ 

This  is  the  shear  at  the  end  of  the  span,  or  the  vertical  component 
of  the  tension  in  the  wire.  The  wire  between  the  sliding  bow  and  the 
near  end  of  the  span  hangs  in  a  curve.  The  chord  of  this  curve  is 
parallel  to  the  tangent  in  its  center.  The  direction  of  this  tangent 
depends  on  the  shear  at  this  point  and  the  tension  in  the  wire.     This 

,         .             1  ,     ,,           1     u        1       «  X  1.S3.33  X  0.507       ^_       .. 
shear  is  equal  to  the  end  shear  less -, Subtracting 

this  from  the  end  shear  and  reducing  the  result  to  convenient  form, 

we  obtain  (55.8  —  P)     (l '  .'/"   "j  lb.      The    down    slope    of   this 

tangent  is  less  than  the  terminal  slope  of  0.07273  in  the  ratio  of  this 
shear  to  the  shear  of  55.8  lb.    Therefore,  it  is 


(oo.s-P)    (l--^2o-) 


X  0.07273. 


The  drop  from  the  suspender  to  the  contact  point  is  equal  to  the 
slope  multiplied  by  the  distance,  or,  after  reduction  and  expression 
in  inches,  (55.8  —  P)  (1  —  0.008333  n)  0.0287  n.  From  this  formula 
we  get  the  drop  of  the  bow  after  -^  sec.  for  the  assumed  relative 
motion  of  shaft  and  bow  of  2  in.  by  making  P  =  25.35  and  n  =  1. 
This  gives  for  the  drop  of  the  bow  0.867  in.  We  found  that  the  shaft 
rises  1.130  in.  in  the  same  time  interval.  This  gives  1.997  in.  for  the 
relative  motion  of  bow  and  shaft  in  the  first  x^  sec.  This  is  so  close 
to  the  assumed  2  in.  that  no  further  trials  are  necessary. 

For  the  second  zj;  sec.  the  relative  motion  of  shaft  and  bow  is 
assumed  to  be  1.5  in.     For  the  relative  motion  during  ^V  sec,  this 
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gives  1.997  +  1.5  =  3.497  in.  The  contact  pressure  at  the  end  of  this 
interval  is  18.19  +  (3.497  X  3.58)  =  30.72  lb.  The  average  contact 
pressure  during  the  second  jV  sec.  is  28.04  lb.  This  is  13.04  lb.  in 
excess  of  the  pressure  which  would  allow  a  uniform  rise  of  the  shaft. 
This  produces  an  average  retardation  of  26.08  ft.,  and  a  reduction  of 
velocity  in  the  interval  of  0.652  ft.  The  velocity  at  the  end  of  the 
previous  interval  was  3.637  ft.  The  upward  velocity  of  the  shaft  at 
the  end  of  the  second  ^  sec.  is  3.637  —  0.652  =  2.985  ft.  The  average 
velocity  during  the  interval  is  3.637  —  0.326  =  3.311  ft.  The  con- 
sequent upward  motion  of  the  shaft  is  0.993  in.  The  previous  upward 
motion  of  the  shaft  was  1.130  in.  The  total  upward  motion  of  the 
shaft  during  ^V  sec,  therefore,  is  2.123  in.  From  the  above  formula 
the  downward  motion  of  the  bow  is  found  by  making  P  =  30.72  and 
n  =  2.  The  downward  motion  of  the  bow  during  -jV  sec.  is  1.416  in. 
The  relative  motion  of  shaft  and  bow  during  -^^  sec,  therefore,  is 
2.123  +  1.416  =  3.539  in.  A  repetition  of  the  calculation  with  a 
slightly  larger  assumption  for  the  relative  motion  gives  approximately : 

Motion  of  shaft  in  -^^   sec 2.123  in. 

Motion  of  bow 1.407    " 

Total  relative  motion  in  ^  sec 3.530  in. 

The  calculation,  continued  in  the  same  manner,  shows  that  the 
relative  motion  of  shaft  and  bow  reaches  its  maximum  after  0.15  sec, 
and  is  then  5.99  in.  After  this  the  radial  arms  begin  to  move  up 
again  and  they  reach  their  original  slope  corresponding  to  a  relative 
motion  0  after  0.47  sec.  The  arms  rise  further  until  the  vertical 
distance  between  bow  and  shaft  is  1.626  in.  more  than  at  the  start. 
The  contact  pressure  is  then  only  3.17  lb.  This  occurs  0.70  sec.  after 
passing  the  suspender.  The  a'rms  begin  then  to  move  down  a  second 
time.  After  a  few  swings  the  oscillation  is  stopped  by  the  friction. 
This  calculation  is  not  accurate  mainly  because  the  tension  in  the 
contact  wire,  which  was  assumed  constant,  is  slightly  reduced  by  the 
action  of  the  sliding  bow.  This  reduction,  however,  is  small,  partly 
because  the  sliding  bow  during  the  first  oscillation,  which  is  the 
largest,  is  near  the  end  of  the  span,  and  partly  because  the  suspenders 
can  move  easily  a  fraction  of  an  inch  in  the  direction  of  the  track. 
The  margin  for  the  downward  motion  is  about  1  in.;  this  will  be  re- 
duced by  the  reduction  in  tension  in  the  contact  wire. 

It  is  evident  that  the  amount  of  the  initial  upward  velocity  of  the 
shaft  when  the  bow  passes  the  suspender  is  a  very  important  factor 
deciding  whether  the  range  of  relative  vertical  motion  of  bow  and 
shaft  allowed  is  adequate.  This  initial  velocity  depends  on  the  termi- 
nal slope  of  the  wire,  the  ratio  between  static  contact  pressure  and  the 
weight  of  a  half  span  of  wire,  and  especially  on  the  train  velocity. 


24  SUSPENSION    FOR   WIRES  OF   ELECTRIC   RAILAVAYS 

When  the  radial  arms  are  turned  forward,  a  head  wind  of  80  and 
a  train  speed  of  50  miles  an  hour  cause  a  rise  of  the  bow.  With  15 
lb.  contact  pressure,  the  bow  rises  to  an  elevation  of  12.8  in.  above 
the  shaft.  It  will  rise  approximately  1.9  in.  more  during  the  oscilla- 
tion.    There  is  plenty  of  upward  range  of  motion  to  allow  this  rise. 

For  obtaining  a  small  equivalent  weight  for  the  bow  and  radial 
arms,  it  is  important  that  the  radial  arms  form  a  small  angle  with 
the  horizontal.    When  the  bow  follows  a  curve  in  the  contact  wire,  an 

approximately  vertical  acceleration  of        must  be  given  to  it  by  an 

external  force,  where  v  is  the  train  velocity  and  r  is  the  radius  of 
curvature  of  the  motion  of  the  bow.  This  acceleration  is  produced  by 
the  turning  of  the  radial  arms.  This  turning  moves  the  bow  normal 
to  the  arms.  The  vertical  component  of  its  motion  is  only  equal  to 
the  motion  multiplied  by  the  cosine  of  the  angle,  a,  of  the  radial 
arms  with  the  horizontal.     The  acceleration  of  the  bow  and  of   the 

9 

v~ 

ends   of  the    radial    arms,    therefore,    must    be    equal    to     -. 

r  cos.  a 

The  variation,  P,  of  the  approximately  vertical  contact  pressure  pro- 
duces this  acceleration;  this  pressure  forms  an  angle,  a,  with  the 
acceleration,  and  its  component  in  the  direction  of  the  acceleration  is 
P  cos.  a.  The  force  to  produce  the  acceleration  is  equal  to  the  mass 
to  be  moved  multiplied  by  the  acceleration,  or 

»;2  ,-2 

P  COS.  a  =  M ,  or  P  =  71/   '- . 

r  cos.  a  r  cos.-  a 

M  is  the  mass  which  if  placed  at  the  bow  offers  the  same  resistance 

to  turning  as  the  bow  and  the  radial  arms.    M  is  approximately  equal 

to  the  mass  of  the  bow  plus  one-third  of  the  mass  of  the  arms.    It  is 

evident  that  P,  or  the  variation  of  contact  pressure  due  to  centrifugal 

force,  is  greatly  increased  if  the  angle,  a,  is  large.     To  obtain  a  small 

variation   of   contact  pressure  due   to   centrifugal  force,  or,  in  other 

words,  a  small  equivalent  weight  of  the  sliding  bow,  the  arms  should 

form  a  small  angle  with  the  horizontal.     This  is  the  main  reason  why 

the  reverse  springs,   which  greatly  reduce  the  variation  of  elevation 

of   the   bow   above   the   shaft,    are   necessary   for   obtaining   a   small 

equivalent  weight.     The  angle  of  the  radial  arms  with  the  horizontal 

when  the  sliding  bow  passes  the  suspender  is  the  only  important  one 

in  calculating  the  equivalent  weight  of  the  sliding  bow.     The  angle,  a, 

with  a  head  wind  of  SO,  and  a  train  velocity  of  50,  miles  per  hour  with 

the  radial  arms  turned  forward,  and,  when  the  bow  passes  the  sus- 

12  8- 
pender,  is  given  by  sin.  a  =     .^^  =:  0.4207.       This   gives  cos.^   a    = 

0.8179,  and  ^       =  1.223.     The  equivalent  weight,  Mg,  for  the  bow 
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and  radial  arms  is  2.4  lb.  This  is  increased,  due  to  their  slope  when 
at  the  suspenders,  to  2.4  X  1-223  =  2.94  lb.  Allowing  for  some  in- 
accuracy, it  may  be  3  lb. 

Referring  to  the  main  springs:  There  is  in  each  main  spring  a 
maximum  torque  of  718  in-lb.     Their  strength  is  given  by  the  equa- 

tion,  718  =     _        N,    where    (/    is    the    diameter    and    .s    the    strain    per 

square  inch.  Taking  s,  for  hardened  spring  steel,  =  100  000  lb.,  then 
d  =  0.418  in.     The  length  of  the  spring  is  found  by  the  equation, 

04  P  I  r^ 
f  -—    —  .In  this  e(juation,  ;•  is  ;>0  in.,/ is  the  arc  through  which 

the  bow  moves  by  the  application  of  the  force,  P,  acting  along  the 
tangent  with  the  radius,  r.  It  has  been  found  that,  for  f  =  1  in., 
P  X  '■  must  be  87.38  in.  This  gives  for  l^  the  length  of  the  spring, 
33.2  in.  In  the  same  manner,  the  reverse  spring,  shown  on  Plate 
II,  was  calculated. 

Higher  speeds  than  50  miles  an  hour,  together  with  a  head  wind 
of  80  miles  an  hour,  are  only  practicable  with  trains  of  cars.  Such 
trains  have  more  than  one  sliding  bow.  The  wire,  therefore,  is  lifted 
much  more  than  with  one  bow.  The  initial  upward  velocity  of  the 
shaft  when  the  sliding  bow  passes  the  suspender  is  thereby  much 
reduced,  and  the  same  available  range  of  downward  motion  will  gen- 
erally be  adequate.  On  roads  having  high  train  speeds,  substantial 
steel  poles  will  mostly  be  wanted;  with  such  it  is  always  advantageous 
to  use  strain  adjusters  which  permit  longer  spans  or  smaller  deflec- 
tions of  the  contact  wire.  Either  of  these  diminish  the  vertical 
velocity  of  the  shaft  when  the  sliding  bow  passes  the  suspender,  and 
the  assumed  range  of  relative  motion  of  shaft  and  bow  becomes  ade- 
quate in  spite  of  the  higher  speed.  The  higher  speed  also  requires 
longer  radii  of  vertical  curvature  of  the  contact  wire,  for  the  purpose 
of  avoiding  jumping  of  the  sliding  bow.  These  longer  radii  become 
practicable  only  if  strain  adjusters  are  used. 

The  sliding  bow  here  described  is  also  suitable  for  the  catenary 
suspension.  Though  the  wire  appears  to  be  straight  where  this  sus- 
pension is  used,  it  is  bent  up  by  the  contact  pressure,  especially  if  the 
suspenders  are  near  together.  With  a  heavy  sliding  bow,  and  a  slack 
wire  at  high  temperature,  the  curvature  of  the  motion  of  the  sliding 
bow  is  sharp  just  before  a  suspender  is  reached,  and  the  sliding  bow 
jumps  at  high  speed.  A  light  sliding  bow  will  evidently  produce  less 
centrifugal  force  and  less  variation  of  contact  pressure,  and  con- 
sequently less  jumping.  It  will  run  smoothly  at  much  higher  speeds 
than  a  heavy  one. 

There  are  inevitably  vertical  curves  and  changes  of  direction  of  the 
contact  wire  at  low  overhead  crossings  and  tunnel  entrances.     These 
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changes  will  cause  much  less  trouble  with  a  light  sliding  bow.  With 
catenary  suspension  and  short  spans  between  poles,  a  sliding  bow  4  ft. 
long,  -njith  radial  arms  2  ft.  long,  can  often  be  used.  Such  a  sliding 
bow  can  be  designed  for  an  equivalent  weight  of  2  lb.  Such  a  bow 
will  run  smoothly  at  very  high  speeds. 

With  the  more  uniform  contact  pressure  of  a  light  bow,  a  much 
smaller  static  contact  pressure  can  be  used.  The  result  will  be  less 
wear  and  greater  durability  of  bow  and  wire.  The  increase  in  the 
first  cost  of  a  diamond-frame  i»ow  caused  by  the  modification  here 
proposed  will  be  in  all  cases  amply  repaid  by  the  reduced  cost  of 
construction  and  maintenance  of  the  contact  line. 
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DISCUSSION. 


K.  1).  CooMHs,  ^1.  Am.  Soc.  C.  E. — The  speaker  is  of  the  opinion  Mr.  Coombs, 
that  interruptions  in  service  caused  by  lateral  displacement  are  im- 
probable on  either  the  240-ft.  spans  with  a  sag  of  2^  ft.,  as  used  by 
Mr.  Mayer,  or  on  300-ft.  catenary  spans  having  a  sag  of  6  ft. 

Based  on  the  fact  that  the  hot  and  cold  sags  in  the  catenary,  and 
therefore  in  the  trolley  wires,  are  approximately  equal  for  a  total  varia- 
tion in  temperature  of  140°,  the  tension  in  the  trolley  wire  is  given 
by  Mr.  Mayer  as  about  26  000  lb.  per  sq.  in.  Assuming  that  the  cate- 
naries are  erected  with  the  normal  tension  at  normal  temperature,  it 
would  seem  that  the  increased  tension  in  the  trolley  wire  should  be 
merely  that  due  to  a  rise  or  fall  in  temperature  of  half  the  total  varia- 
tion. 

The  speaker  is  not  familiar  with  the  details  of  the  automatic  ad- 
justment of  the  trolley  wire  used  in  the  Blankenese-Ohlsdorf  line,  or 
other  foreign  lines  equipped  with  the  secondary  catenary,  but  thinks 
it  should  not  be  necessary  to  run  the  comparatively  inflexible  trolley 
wire  over  the  adjusting  pidleys,  as  this  might  be  avoided  by  attaching 
a  flexible  wire  which  would  permit  the  use  of  pvilleys  of  moderate  diam- 
eter. 

The  elastic  limit,  of  from  40  000  to  45  000  lb.,  assumed  for  trolley 
wire  having  an  ultimate  strength  of  from  50  000  to  60  000  lb.  per  sq. 
in.  seems  to  be  rather  high,  and  the  maximum  stress  of  about  26  000  lb. 
per  sq.  in.  in  the  trolley  wire  under  dead  load,  plus  6.0  lb.  wind  pres- 
sure, plus  bending  of  the  wire,  does  not  give  the  contact  wire  in  the 
saddle  suspension  the  same  factor  of  safety  as  that  used  in  designing 
first-class  railroad  bridges. 

A  parallel  condition  to  that  of  many  railroad  bridges  would  be  dead 
load,  plus  ice  i  in.  thick,  plus  8  lb.  per  sq.  ft.  for  wind  pressure,  plus 
lateral  bending ;  the  total  stress  from  which  would  exceed  26  000  lb. 

Assuming  that  the  single  catenary  and  the  trolley  wire  supported 
by  it  can  be  designed  with  suitable  factors  of  safety,  and  constructed 
so  as  to  give  satisfactory  operation,  the  extra  expense  of  the  messenger 
wire  and  hangers  may  he  justified  as  a  safeguard  to  prevent  falling 
wires  and  the  troubles  incident  to  them. 

Charles  Eufus  Harte,  M.  Am.  Soc.  C,  E. — Mr.  Mayer  has  de-  jj^.  Hai-te. 
veloped  a  very  interesting  construction  which  it  is  to  be  hoped  may 
have  a  practical  trial  in  the  near  future.  At  the  same  time,  it  should 
be  noted  that  the  excessive  stresses  feared  by  Mr.  Mayer  do  not.  always 
develop  in  the  older  forms  of  suspension.  Undoubtedly,  on  long  level 
tangents,  with  heavy  anchoring,  there  would  be  heavj'  stresses  at  low 
temperatures,  if  the  trolley  had  been  well  pulled  up  in  warm  weather, 
but,  as  a  matter  of  fact,  grade  changes  and  curves  offer  relief,  and 
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Mr.  Harte.  trolley  pulled  to  a  tension  of  2  200  lb.  in  summer  apparently  does  not 
materially  increase  this  stress  in  winter  under  usual  conditions,  owing 
to  the  yielding  of  supports.  Where  trolley  is  hung  slack,  however,  the 
changes  of  length  are  chiefly  taken  up  in  the  sag,  and  here  an  adjuster 
may  be  desirable;  but,  certainly  in  New  England,  such  a  device  must 
be  automatic  or  else  receive  constant  attention  in  order  to  meet  the 
rapid  and  large  changes  of  temperature  of  that  climate. 

A  system  of  counterweights  offers  the  ideal  method  of  securing 
uniform  tension,  and  there  is  little  difficulty  in  arranging  bell-cranks 
or  of  splicing  into  the  trolley  a  section  of  steel  strand,  if  the  trolley 
itself  is  too  stiff  to  lead  direct  to  the  counterweights.  It  must  be  ap- 
parent, however,  to  anyone  familiar  with  trolley  wire,  that  Mr.  Mayer's 
figures  and  practical  conditions  do  not  agree. 

To  determine  roughly  the  flexibility  of  0000  B.  &  S.  gauge  hard- 
drawn,  grooved  copper  trolley  wire,  the  speaker  arranged  a  crude  form 
of  the  "Atwood's  machine,"  of  physics,  the  trolley  wire  forming  the  cord, 
and  the  head  sheaves  of  a  dumb-waiter  the  wheel.  (Plate  III.) 
Balanced  weights  were  hung  from  the  wire,  and  then  one  side  was 
loaded  until  motion  occurred.  No  correction  was  made  for  the  con- 
siderable friction  of  the  wheels  used. 

With  a  pulley  55  in.  in  diameter  at  the  root  of  the  groove:  127  lb. 
on  each  side  required  13  lb.  additional  on  one  side  to  move;  232  lb. 
on  each  side  required  18  lb.  additional  on  one  side  to  move;  and,  792 
lb.  on  each  side  required  64  lb.  additional  on  one  side  to  move. 

With  a  wheel  33  in.  in  diameter:  232  lb.  on  each  side  required  33 
lb.  additional  on  one  side  to  move. 

With  a  wheel  17  in.  in  diameter:  127  lb.  on  each  side  required  83 
lb.  additional  on  one  side  to  move;  and,  324  lb.  on  each  side  required 
155  lb.  additional  on  one  side  to  move. 

The  Blankenese-Ohlsdorf  trolley  is  described*  as  a  grooved  wire, 
having  a  gauge  practically  equivalent  to  0000;  Mr.  Mayer  gives  the 
area  as  100  sq.  mm.,  which  is  3|%  less  than  the  area  of  the  wire  used 
in  the  foregoing  rough  test.  It  would  appear,  therefore,  that  with 
v.heels  5  ft.  in  diameter  the  trolley  itself  can  be  taken  to  the  counter- 
weight and  a  stress  of  1  000  lb.  can  be  maintained  by  a  weight  of  not 
more  than  11  000  lb.,  while,  with  a  wheel  3  ft.  in  diameter,  the  weight, 
to  secure  a  tension  of  1  000  lb.,  will  not  exceed  1  200  lb. 

For  assistance  in  the  tests,  the  speaker  is  greatly  indebted  to  his 
assistant,  Mr.  John  F.  Trumbull,  and  to  ^fossrs.  ('.  W.  Blakesloe  and 
Sons,  Contractors,  of  New  Haven. 
Mr.  Mayer.  JosEPH  Mayer,  M.  Am.  Soc.  C.  E.  (by  letter). — The  history  of  all 
construction  begins  naturally  with  practice  based  on  feelings  arising 
from  intimate  and  varied  contact  and  experience  with  the  structural 
materials.     It   is    followed,   through   long   periods,   by   observation   of 

*  street  Railway  Journal,  April  6,  1907. 
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sufcesst'S  and  failure  autl  by  {iracUial  iinproveiUL'iit.s  su^nc-slod  by  Mr.  Mayi-r 
them.  Analysis  of  the  causes  of  failure  soon  leads  to  crude  theories 
considorinp:  the  principal  forces  acting  on  the  structures  and  establish- 
ing princii)les  for  guidance  in  future  design.  As  long  as  only  some 
of  the  acting  forces  are  considered,  the  theory  must  be  assisted  con- 
tinually by  observing  the  results  of  past  practice. 

After  all  the  incident  forces  are  closely  estimated  and  the  result- 
ing strains  in  the  materials  used  are  carefully  calculated  and  com- 
pared with  their  safe  strength,  theory  becomes  a  reliable  guide  for 
making  radically  new  designs.  It  teaches  the  distinction  between 
necessary  and  superfluous  parts,  and  generally  leads  to  a  simplifica- 
tion of  the  structure,  and.  ^vith  it,  to  a  practical  certainty  of  success. 

This  process  of  development  is  substantially  completed,  in  the  de- 
sign of  steel  bridges.  The  design  of  contact  wire  suspensions,  on  the 
whole,  is  yet  in  the  empirical  stage.  The  tensions  in  the  wire  arc 
beginning  to  be  considered  theoretically,  while  the  bending  strains, 
which  are  in  many  designs  of  much  larger  amount,  are  only  men- 
tioned occasionally.  The  writer,  thus  far,  he  believes,  is  alone  in 
having  published  the  calculation  of  the  bending  strains  in  overhead 
contact  wires. 

Experience  has  shown  that,  for  moderate  car  speeds,  a  wire  carried 
by  short  and  rigid  clamps  at  distances  of  about  100  ft.  gives  a  fairly 
satisfactory  structure;  but,  with  high  speeds,  it  is  found  that  the 
current  collector  strikes  the  clamps  violently,  and  the  wire  when 
leaving  them,  especially  in  summer  when  the  deflections  of  the  wire 
are  considerable.  This  Experience  has  led  to  the  adoption  of  catenary 
construction.  The  use  of  higher  voltages  and  the  consequent  call  for 
greater  safety  of  suspension  have  been  contributory  causes.  With 
catenary  construction,  the  wire  hangs  approximately  straight,  but  the 
passing  collector  pushes  it  up  between  the  frequent  suspenders  and 
moves,  not  in  a  straight  line,  but  in  a  sinuous  curve. 

With  the  present  usual  sliding  bows,  a  minimum  wire  tension  of 
about  2  000  lb.  is  now  frequent  practice  on  interurban  roads,  and 
4  000  lb.  or  more  is  adopted  with  the  highest  speeds  thus  far  at- 
tempted. Smaller  tensions  cause  jumping  of  the  collector  at  the  sus- 
penders, especially  if  these  are  rigid  and  heavy.  If  they  are  light  and 
flexible,  less  trouble  is  experienced,  but  should  the  wire  break  and  the 
collector  rise,  it  would  probably  knock  off  the  suspenders,  and  the 
wire  would  fall.  That  the  foregoing  minimum  wire  tensions  are 
moderate  is  confirmed  by  the  reported  recent  adoption  on  a  prominent 
line  of  a  T/0  alloy  wire  of  50%  conductivity  and  50%  greater  strength 
than  obtainable  with  hard-drawn  copper,  for  the  purpose  of  increas- 
ing the  least  tension  to  several  times  the  largest  amount  above  given.  A 
4/0  copper  wire  previously  used  did  not  give  continuous  contact  with 
a  safe  amount  of  tension. 
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Mr.  Mayer.  With  a  4/0  wire  the  above  teii.sions  of  2  000  and  4  UOO  Hi.  amount 
to  12  000  and  24  000  lb.  per  sq.  in.  A  drop  in  temperature  of  140° 
increases  them,  with  constant  length  of  the  wire,  by  21  000  lb.  per  sq. 
in.  It  is  claimed  that  the  length  of  the  wire  is  changed  considerably 
by  the  presence  of  curves  and  the  yielding  of  the  anchorages  and  poles. 
The  change  in  the  length  of  the  contact  wire  with  constant  tension 
due  to  140°  change  of  temperature  is  7  ft.  to  the  mile.  If  the  tension 
is  to  remain  constant,  the  length  of  the  wire  must  change  by  this 
amount.  Very  little  calculation  shows  that  even  on  lines  of  much 
curvature  the  actual  change  in  the  length  of  the  wire  due  to  change 
of  temperature  is  but  a  small  fraction  of  this. 

The  increase  in  the  tension  of  the  wire  with  drop  in  temperature, 
therefore,  is  real  and  not  imaginary.  In  so  far  as  the  poles  yield  at 
curves  and  thereby  shorten  the  wire  in  winter,  the  latter  is  made  to 
move  toward  the  center  of  the  tangents.  The  suspenders  and  steady 
strains  become  inclined  against  it,  and  the  wire  is  bent  into  wave 
lines  which  increase  the  jumping  of  the  current  collector  and  produce 
large  bending  strains,  thus  more  than  neutralizing  the  slight  reduction 
in  the  tension.  To  reduce  this  trouble,  frequent  readjustment  of  the 
suspenders  and  steady  strains  becomes  necessary,  and  the  cost  of  main- 
tenance is  increased. 

Against  the  writer's  theory  of  the  sliding  bow,  the  objection  is 
raised  that  the  irregular  movement  of  the  car  roof  carrying  its  frame 
v/as  not  considered.  The  writer's  design  connects  a  light  flopper  and 
an  aluminum  bow,  by  springs  of  very  moderate  inertia,  to  the  main 
supporting  frame.  Any  vibrations  below  the  springs  are  absorbed  by 
them  and  cause  but  trifling  variations  of  the  contact  pressure. 

Under  the  suspender  described  in  the  paper,  the  collector  moves  at 
lew  temperature  in  a  curve  having  two  parts  convex  below,  and  a  cen- 
tral part  convex  above,  as  shown  by  Fig.  1.     At  high  speeds,  to  prevent 


Fig.  1. 

interruption  of  contact  along  the  curves  convex  1  elow,  the  weight  of 
the  collector  and  of  its  rigidly  attached  parts  must  be  small  and  the 
radius  of  the  curves  large.  To  make  this  po.ssible,  strain  adjusters  are 
indispensable  at  high  speeds.  This  is  a  serious  defect  of  the  sus- 
penders described. 

Another  defect  is  their  lack  of  adaptation  to  trolley  wheels.  In 
endeavoring  to  remove  these  defects,  the  writer  invented  the  hanger 
shown  in  Fig.  2.  It  consists  of  a  flexible  taj)ering  bar  with  such  cross- 
sections  that  it  will  bend  vertically  and  horizontally  approximately 
in  circles.     The  wire  is  attached  to  it  by  clips,  and  is  supi)orted  be- 
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Mr.  Mayer,  tween  the  clips  by  bolsters  which  are  held  in  position  by  a  steel  rod 
and  tubular  collars.  Under  this  hanger  the  attached  wire  is  always 
convex  upward.  The  contact  pressure  is  here  slightly  increased  by 
centrifugal  force,  and  no  interruption  of  contact  will  occur,  even  with 
heavy  current  collectors  at  the  highest  speeds.  If  the  bar  is  made  of 
nickel-steel,  very  large  deflections  of  the  wire  can  be  used  and  a  great 
factor  of  safety  can  thereby  be  obtained. 

The  bending  strains  in  the  wire  are  only  about  half  as  great  as 
those  with  the  suspender  described  previously.  With  spans  of  240  ft., 
without  strain  adjusters,  and  of  300  ft.,  with  strain  adjusters,  the 
maximum  tensions  in  the  wire,  with  suitable  deflections,  and  the 
amounts  of  ice,  wind  pressure,  and  changes  of  temperature  previously 
given,  are  about  IT  000  to  18  000,  and  the  total  maximum  strain  is 
less  than  24  000  lb.  per  sq.  in.  Greater  factors  of  safety  can  be  ob- 
tained with  shorter  spans. 

The  advantages  of  the  flexible  hangers  may  be  summed  up  a^ 
follows : 

1st. — The  bending  strains  in  the  contact  wire  are  reduced  by  the 
avoidance  of  all  short  bending,  the  tensions  by  the  use  of  liberal  de- 
flections. Spans  from  one  and  one-half  to  three  times  as  long  as  with 
other  suspensions,  therefore,  may  be  used,  and  a  greater  factor  of 
safety  is  obtained. 

2d. — The  current  collector  moves  in  curves  of  large  radii,  whereby, 
evfen  with  great  train  speeds,  a  steady  contact  is  obtained,  and  the 
contact  pressure  is  never  made  excessive  by  centrifugal  force.  The 
average  contact  pressure  can  be  made  very  low,  and  the  hammering 
of  the  wire  at  the  ends  of  the  hangers  is  entirely  avoided ;  the  durability 
of  the  current  collector  and  of  the  wire  is  thereby  increased,  and  their 
cost  of  maintenance  reduced. 

3d. — The  sight  of  the  signals  is  interfered  with  on  curves  by  the 
many  poles  of  the  ordinary  suspensions,  and  especially  by  the  ropes 
and  numerous  hangers  of  the  catenary  suspensions.  The  first  evil  is 
greatly  reduced,  and  the  latter  avoided,  by  the  flexible  hangers. 

4th. — Since  the  tensions  in  the  wire  are  always  very  moderate,  no 
readjvistments  are  ever  required. 

5th. — The  same  hangers  will  also  answer  on  curves  and  at  changes 
of  grade. 

6th. — As  compared  with  catenary  suspensions,  the  load  and  wind 
pressure  on  the  carrying  structure  is  only  from  one-fifth  to  one-third. 

Tth. — With  high  speeds,  all  other  suspensions  require  a  large  wire 
for  strength;  with  the  flexible  hangers  a  No.  0  wire  is  safe,  and  can  be 
used  wherever  its  conductivity  is  adequate. 

8th. — The  apparent  safety  of  the  usual  catenary  suspensions  is 
often  illusory.  With  the  large  working  strains  in  the  wire,  inevitable 
with   them   in   severe    climates,   it    will   stretch   during   the   first   cold 
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winter  ami  will  lutd   readjustment  in  the  spring?;   after  a  few  years,  Mr.  Mayer, 
and   repeated   stretching,   it   will  break  occasionally,  then    the   sliding 
bow  will  rise,  knock  off  the  hangers  and  bring  it  down. 

\Yith  the  moderate  working  strains  adopted  with  the  flexible  hangers, 
the  wire  can  be  tested  during  erection  by  temporarily  exposing  it  to  a 
tension  oO'^'c  larger  than  the  maximum  working  strain.  It  will  then 
be  safe  thereafter. 

In  concluding,  the  writer  wishes  to  point  out  the  principal  differ- 
ence between  his  method  of  investigation  and  that  followed  by  some 
others.  The  writer's  method  is  apparently  theoretical;  that  of  many 
others  is  exclusively  what  they  call  practical,  mainly  by  means  of  ex- 
periments and  tests. 

The  writer  claims  that  the  siiitability  and  value  of  a  contact  wire 
suspension  or  of  any  other  bridge  cannot  be  practically  ascertained  by 
short-time  tests.  With  railroad  bridges,  tests  have  been  generally 
abandoned ;  they  have  been  replaced  by  scientific  desig-n.  The  rail- 
roads prescribe  the  strength  of  the  materials  to  be  used,  the  unit 
strains,  and  the  loads  to  be  assumed.  They  call  for  complete  strain 
sheets.  If  the  loads  and  unit  strains  are  well  chosen,  all  the  calcula- 
tions for  details  and  main  members  correctly  made,  and  the  materials 
and  manner  of  execution  closely  inspected,  a  safe  structure  is  obtained 
which  is  used  without  further  preliminary  tests. 

The  wind  pressures,  changes  of  temperature,  and  ice  loads,  which 
are  so  important  in  any  contact  wire  suspension,  cannot  be  provided 
for  a  test.  Even  if  this  were  possible,  a  test  would  only  show  that  the 
structure  could  withstand  once  the  combination  of  conditions  chosen. 
It  wo\ild  not  give  the  all-important  factor  of  safety.  The  only  way 
to  ascertain  the  degree  of  safety  and  the  value  of  any  such  structure  is 
to  calculate  the  strains  produced  in  all  its  parts  by  the  practically 
occurring  combinations  of  conditions,  and  compare  them  with  the 
strength  of  the  materials  used  and  thereby  find  the  factor  of  safety. 

By  looking  at  a  structure  while  it  is  in  operation,  but  little  can  be 
ascertained  in  regard  to  its  strength  and  durability,  beyond  the  fact 
that  it  is  not  actually  falling  down  at  the  time.  The  call  for  tests  on 
similar  structures,  therefore,  is  not  a  very  scientific  demand,  and  it  is 
not  practical,  though  it  has  the  appearance  of  being  so.  It  arises 
mainly  from  laymen  and  from  engineers  whose  principal  work  is  with 
machinery  of  a  much  more  complicated  nature,  where  tests  are  a 
necessity  to  supplement  the  calculations.  In  early  stages  of  structural 
design  and  with  structures  too  complicated  for  complete  calculation, 
tests  may  be  the  only  available  means  to  obtain  information  on  the 
practicability  of  a  strvicture.  The  value  of  such  complicated  structures, 
however,  can  only  be  ascertained  by  years  of  trial.  A  complete 
analvsis  of  all  the  forces  acting  on  the  structure,  and  of  the  strains 
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Mr  Mayer,  produced  by  them,  is  the  only  means  by  which  an  engineer  can  obtain 
a  sufficiently  thorough  knowledge  to  enable  him  to  predict  the  success 
or  failure  of  a  simple  structure;  and  it  is  also  the  only  method  by 
which  a  really  scientific  and  economical  design  can  be  made;  it  is  the 
method  which  has  alone  proved  successful  in  the  design  of  steel 
bridges,  which  most  closely  approach  all  contact  wire  suspensions  in 
their  essential  natures. 
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E.  P.  Goodrich,  M.  Am.  Soc.  C.  E. — The  use  of  reinforced  con-  ^j^  Goodrich. 
Crete  in  engineering  structures  has  had  a  phenomenal  development, 
both  as  to  the  amount  built  in  each  succeeding  year  and  as  to  the 
variety  of  applications  made.  Its  field  of  usefulness  is  rapidly 
broadening,  and  its  exploitation  is  believed  to  have  been  overdone  in 
a  few  lines. 

The  theory  concerning  the  mode  of  action  of  the  two  materials 
involved,  is  constantly  undergoing  modification,  making  it  more  per- 
fect through  deduction  from  experiment.  This  is  the  scientific  method 
of  development  of  any  art;  and  in  this  particular  branch  of  the  build- 
ing art,  it  is  believed  that  by  experiment  alone  can  proper  working- 
stresses  be  determined,  upon  which  to  base  all  designs  of  structures. 
Such  stresses  should  be  deduced  primarily  from  fatigue  experiments, 
and  not  be  chosen  as  arbitrary  fractions  of  ultimate  strengths.  It 
is  believed,  further,  that  every  careful  designer  should  take  proper 
account  of  the  secondary  stresses  induced  in  structures  like  buildings 
and  arches,  by  the  increasing  permanent  set  caused  by  repeated  loading. 


i 
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Mr.  Goodrich.  Experimental  research  is  yet  much  needed  along  several  different 
lines  connected  with  this  subject.  More  light  is  desired  as  to  the 
cause  and  cure  of  the  retrogression  in  the  tensile  strength  of  cement 
briquettes,  often  disclosed.  More  extended  compression  tests  are  also 
needed  to  determine  the  presence  and  amount  of  any  retrogression  in 
the  compressive  strength  of  concrete.  When  tests,  published  in  engi- 
neering periodicals,  show,  at  the  end,  of  2  years,  values  hardly  greater 
than  those  at  the  end  of  7  days,  it  would  seem  as  if  this  subject  needed 
most  careful  investigation. 

If  possible,  a  cement  of  higher  compressive  strength  should  be  de- 
veloped, especially  for  use  in  concrete  columns.  Perhaps  this  is  im- 
possible with  the  materials  involved,  because  of  their  very  nature,  and 
because  the  strength  of  the  aggregate  has  been  practically  reached; 
but  unless  some  considerable  increase  can  be  secured,  it  would  seem 
as  if  concrete  columns  would  have  to  be  excluded  from  consideration 
in  high  building  design;  that  is,  in  structures  higher  than  perhaps  six 
stories.  In  their  stead,  structural  steel  columns  would  seem  necessary, 
but  they  should  be  heavily  fire-proofed  and  entirely  filled  with  a  con- 
crete of  cheap  quality.  It  may  seem  excessive  to  some  engineers,  but 
it  is  believed  that  experience  has  shown  the  necessity  of  fully  3  in.  of 
good  concrete  fire-proofing  over  all  extreme  edges  of  such  columns. 

The  best  design  for  the  steelwork  of  columns  of  this  variety,  is 
believed  to  be  of  angles  latticed  or  battened,  of  channels  similarly 
fabricated,  or  perhaps  wide-flanged  I-beams,  or  the  usual  Z-bar  types. 

Columns  of  the  Considere  variety  are  believed  to  be  proper,  if  a 
suitable  relation  exists  between  the  spiral  and  the  longitudinal  re- 
inforcement, and  if  a  sufficient  quantity  of  each  is  used.  In  such 
columns,  a  lower  limit  should  be  set  on  the  quantity  of  each  kind  of 
reinforcement,  and  an  upper  limit  on  the  size  of  the  opening  between 
the  parts.  It  may  not  be  out  of  place  to  state  that  the  inventor  of 
spiral-  reinforcement  himself  uses  spirals  of  very  thick  material  with 
a  comparatively  small  pitch,  and  it  is  believed  that  a  large  majority 
of  the  columns  being  erected  at  the  present  time,  and  considered  of 
high  carrying  capacity,  would  not  disclose  any  appreciable  excess  of 
carrying  power  if  tested  to  failure. 

In  reinforced  concrete  columns,  with  longitudinal  rods  as  the 
principal  reinforcement,  an  upper  limit  should  be  set  on  the  percentage 
which  may  be  allowed.  In  addition  to  the  fact  that  many  laboratory 
tests  show  lower  efficiencies  for  rods  of  large  diameter  in  concrete 
columns,  it  would  seem  as  if  the  use  of  rods  more  than  IJ  in.  in  diam- 
eter, or  aggregating  more  than  5%  of  the  total  area  of  the  column 
were  of  more  than  doubtful  value,  simply  from  the  impossibility  of 
being  certain  that  enough  adhesion  is  developed  to  secure  the  theoreti- 
cal compressive  stress  in  the  steel  itself.     It  might  seem  as  if  more 
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nearly  practical  conditions  would   be  secured,  in  laboratory  tests,  if  mi 
all    reinforcement    were   kept    away    from   the   ends   of   the   concrete 
columns  a  distance  equal  to  at  least  one-fourth  of  the  diameter  of  the 
column. 

It  is  believed  that  too  little  attention  is  given  to  the  design  of  the 
footings  under  such  columns,  especially  with  regard  to  a  proper  trans- 
mission of  the  stress  in  the  longitudinal  rods  into  the  foundation 
concrete,  and  that  in  most  work  not  more  than  half  the  proper  number 
of  ties  are  used  to  prevent  buckling  in  the  vertical  rods.  The  dis- 
position of  the  latter,,  so  as  to  prevent  easy  depositing  of  the  concrete, 
is  imperative,  and  those  varieties  of  columns  in  which  the  steel  is 
distributed  very  uniformly  through  the  whole  column  section  are  viewed 
with  distrust,  however  superior  they  may  be  considered  from  a 
theoretical  standpoint. 

Great  care  should  also  be  exercised  in  the  design  of  the  beam  and 
girder  reinforcement,  to  prevent  a  congestion  of  steel  in  the  column 
sections  at  the  floor  levels.  Much  ingenuity  can  profitably  be  expended 
in  obviating  this  trouble. 

It  is  well  known  that  the  addition  of  steel  to  increase  the  com- 
pressive strength  of  concrete  columns  is  not  on  the  side  of  economy  of 
first  cost,  but  only  of  economy  of  floor  area  occupied.  It  would  seem, 
therefore,  as  if  the  best  practice  would  be  to  introduce  steel  only  to 
carry  bending  stresses,  and  to  use  a  cement  of  higher  quality  (if  ob- 
tainable), or  a  richer  mixture  of  the  commercial  product,  and  thus 
secure  higher  working  stresses  with  correspondingly  smaller  sections. 

The  subject  of  impervious  concrete  is  of  vital  importance  for  those 
who  are  interested  in  the  construction  of  dams,  reservoirs,  conduits, 
sewers,  and  water  pipes;  of  hardly  less  interest  in  connection  with 
sea  walls,  retaining  walls,  bridge  abutments,  and  building  founda- 
tions; and  even  of  considerable  interest  in  regard  to  the  superstruc- 
tures of  buildings,  arch  bridges,  etc.  Many  experiments  have  been 
made  as  to  the  perviousness  of  different  mixtures  of  different  aggre- 
gates of  different  sizes,  but,  apparently,  something  further  is  neces- 
sary. Great  things  are  claimed  for  the  several  patented  wet  and  dry 
compounds  now  on  the  market,  designed  to  render  concrete  im- 
pervious, and,  until  further  progress  can  be  made  in  this  line,  the  use 
of  the  best  of  these  in  all  concrete  work  is  strongly  recommended. 
Perhaps  an  impervious  cement  will  soon  be  evolved,  produced  either 
by  the  addition  of  one  of  the  present  products  to  the  practically 
finished  cement  product,  somewhat  as  gypsum  is  now  added,  or  by 
some  other  substance  which  the  inventor  may  work  out.  Such  a 
cement  is  greatly  to  be  desired,  if  for  no  other  reason  than  to  prevent 
the  unsightly  discoloration  from  efflorescence  which  now  defaces  al- 
most all  exterior  cement  work.  This  may  be  partially  cured  by  the 
use  of   a  so-called   "non-staining"  cement,  but   all  those  now   on  the 
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Mr.  Goodrich,  market  are  unsatisfactory,  either  as  to  effect  or  first  cost.  A  better 
and  cheaper  one  is  essential. 

Although  other  elements  than  moisture  are  involved  in  the  rusting 
of  steel,  the  use  of  an  impervious  cement  would  have  gone  far  toward 
preventing  the  absolute  disintegration  of  the  metal  backing  of  some 
stucco  work  examined  by  the  speaker  on  several  occasions,  and  would 
make  one  feel  much  safer  as  to  the  probable  life  of  some  of  the  re- 
inforcement which  has  been  plainly  visible  on  the  bottoms  of  floor 
slabs  when  the  latter  were  slightly  scratched  with  a  knife  or  other 
sharp  implement.  It  will  not  be  very  long  before  some  of  such  floors 
will  show  signs  of  failure,  especially  those  in  which  wires  of  small 
diameter,  or  sheet  material  of  small  thickness  have  been  used  for  the 
reinforcement. 

Impervious  concrete  is  also  of  vital  importance  in  foundations, 
and  walls  of  reservoirs,  conduits,  etc.,  through  which  water  will  perco- 
late slowly.  It  is  known  that  at  least  one  heavy  retaining  wall  be- 
came honeycombed  to  such  an  extent  that  failure  resulted;  and  in  one 
high  building  on  lower  Broadway,  in  New  York  City,  the  sub-cellar 
walls  have  been  screened,  apparently  to  hide  the  process  which  may 
possibly  be  slowly  producing  a  similar  effect  in  that  structure. 

Again,  the  few  experiments  which  have  been  made  with  regard  to 
electrolysis  of  embedded  steel  in  wet  concrete,  together  with  the 
astonishing  phenomena  observed  in  one  reinforced  concrete  street  car 
barn,  in  which  hot  metal  was  sometimes  encountered  when  a  trolley 
pole  left  the  trolley  wire,  seem  to  be  convincing  evidence  of  the 
necessity  of  using  impervious  concrete  in  all  reinforced  foundations 
which  may  be  in  the  line  of  electric  earth  currents. 

It  would  also  seem  wise  to  use  only  such  concrete  in  reinforced 
concrete  piles,  because  they  are  relatively  slender  members,  and  any 
disintegration  of  either  the  reinforcement  or  the  concrete  in  them 
would  be  of  grave  moment.  As  to  the  general  subject  of  concrete 
piles,  not  enough  is  yet  known.  While  a  strong  difference  of  opinion 
may  exist,  it  would  seem  as  if  fewer  objections  could  be  raised  against 
those  piles  which  are  moulded  in  plain  sight  and  driven  as  is  a  wooden 
pile,  than  against  those  piles  which  are  moulded  in  place.  The  latter 
rarely  are  properly  reinforced,  and  it  is  extremely  likely  that  the 
fresh  concrete  will  be  displaced  before  it  has  properly  set,  by  opera- 
tions in  their  vicinity. 

A  very  heavy  hammer  should  be  used  for  driving  such  piles,  one 
weighing  at  least  as  much  as  the  pile  being  very  important. 

It  is  probable  that  impervious  concrete  will  partially  solve  the 
problems  incident  to  the  use  of  cement  in  sea  water,  whether  the  dis- 
integration caused  by  the  latter  be  chemical  or  mechanical  in  its 
nature.  It  has  already  been  demonstrated,  at  the  New  York  Navy 
Yard,   for   example,    that   a   rich   face    mixture,   rendered   more   im- 
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pervious  by  careful  surface  treatment  as  soon  as  the  forms  are  re-  Mr.  Oootirich. 
moved,   is   the   best  preventive   of   disintegration.     It   is   hoped   that 
someone,  therefore,  will  produce  a  water-proof  cement. 

More  care  than  is  often  taken,  should  be  exacted  with  regard  to 
the  placing  of  reinforcement.  Some  hints  have  been  given  of  the 
evils  incident  to  poorly  designed  columns,  placing  floor  reinforcement 
too  close  to  the  surface,  and  the  dangers  of  electrolysis.  All  these 
may  be  obviated  to  a  great  extent  by  the  exercise  of  care  in  design 
and  execution.  The  compulsory  use  of  reinforcement  fabricated  in 
units,  in  place  of  separate  bars  in  beams  and  girders,  is  advocated. 
It  is  believed  that  the  small  possible  saving  which  is  claimed  for  the 
latter  method  is  more  than  offset  by  the  insurance  that  a  rod  or  two 
will  not  be  accidentally  omitted  from  an  important  member,  or  a  short 
one  thrown  in  to  take  the  place  of  a  lost  longer  one.  Such  cases  have 
been  actually  observed,  even  with  the  most  perfectly  organized  forces, 
and  one  superintendent  of  a  company  which  still  advocates  separate 
bars,  once  said  the  company  could  have  some  of  his  salary  if  they 
would  use  units,  because  of  the  imxneasurable  lessening  of  responsi- 
bility on  his  shoulders. 

More  attention  should  be  paid  to  the  subject  of  shear  or  diagonal 
tension  in  reinforced  concrete  beams  and  girders.  The  fact  that  cer- 
tain empirical  systems  have  produced  many  buildings  which  have  not 
collapsed  under  load,  is  no  proof  of  the  adequacy  of  their  reinforce- 
ment in  this  respect.  It  is  believed  that,  in  much  work  now  under 
way,  while  the  factor  of  safety  against  failure  through  tension  or  com- 
pression is  four  or  more,  the  margin  of  safety,  with  regard  to  diagonal 
tension,  is  much  smaller.  The  care  taken  with  this  point  of  design 
by  foreign  engineers  is  far  above  that  common  in  America.  Many 
more  experiments,  covering  various  ages  and  arrangements,  are 
urgently  needed. 

The  ideas  incident  to  the  use  of  discrete  structural  members  are 
not  applicable  to  the  design  of  monolithic  concrete  structures.  In  the 
latter,  the  continuity  of  the  members  should  be  recognized,  and  the 
reinforcement  of  columns,  beams,  girders,  and  floors,  should  be  ar- 
ranged so  as  to  make  the  parts  act  as  rigidly  connected  elements.  The 
design  of  columns  simply  as  compression  members,  entirely  ignoring 
the  bending  produced  by  unbalanced  loads  on  rigidly  connected  girders, 
is  not  considered  the  best  practice;  and  the  use  of  the  factor,  J,  in  the 
moment  formula,  is  an  inheritance  from  the  older  methods  used  in 
timber  and  steel.  Even  the  use  of  so  much  reinforcement  at  supports 
as  corresponds  with  the  factor,  :^,  is  believed  to  be  entirely  inade- 
quate; and  the  speaker  ventures  the  prophecy  that  progressive  failure 
is  taking  place  in  many  structures  designed  with  only  that  quantity 
of  steel  at  the  points  in  question. 

It  is  further  advocated,  that  designs  be  made  so  that  tests  of  se- 
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curity  can  be  carried  out  on  the  very  day  the  centering  is  allowed 
to  be  removed.  It  is  also  recommended  that  the  tests  be  exacted  on 
those  dates.  Such  specifications,  rigidly  adhered  to,  would  reduce  to 
a  minimum  the  danger  and  number  of  premature  failures. 

Deformed  rods  may  be  better  in  theory,  but  almost  no  practical 
proofs  of  their  superiority  have  b6en  produced,  as  far  as  known. 
Laboratory  tests  are  hardly  conclusive,  since  many  experiments  on 
beams  actually  seem  to  show  some  kinds  of  rods  to  be  really  detri- 
mental to  the  best  results. 

More  experiments  are  very  desirable  concerning  the  effect  of  the 
proportion  of  water  used  in  the  original  mixture  and  the  effects  of 
continued  and  intermittent  saturation  of  the  concrete,  upon  the  ad- 
hesion between  it  and  smooth  rods  embedded  therein.  Perhaps  the 
use  of  impervious  concrete  would  solve  this  difficulty,  irrespective  of 
the  actual  effects  produced  by  excessive  moisture.  More  fatigue  ex- 
periments, also,  are  essential  to  a  full  knowledge  of  this  subject,  and 
the  very  few  so  far  reported  along  all  lines  are  worthy  of  the  highest 
commendation  and  the  most  careful  study. 

The  compression  experiments  of  this  kind,  in  conjunction  with 
those  carried  to  rupture  on  columns  of  the  Considere  type,  seem  really 
to  show  the  justice  of  allowing  high  stresses  on  such  columns.  As 
long  as  the  elastic  limit  of  the  concrete  is  not  reached,  since  columns 
reinforced  in  this  way  show  very  large  deformation  before  final  failure 
(thus  reducing'  the  danger  of  the  latter),  there  would  seem  to  be  no 
good  reason  for  restricting  the  working  stress  to  the  low  figures  at 
present  usually  exacted  for  plain  concrete  or  longitudinally  reinforced 
columns. 

Nor  do  rods  of  high  elastic  limit  appear  to  be  advantageous,  under 
ordinary  conditions.  Since  all  varieties  of  steel  have  practically  the 
same  modulus  of  elasticity,  and  since  the  first  tension  cracks  in  the 
concrete  appear  at  approximately  the  same  strain  in  all  specimens, 
and  consequently  at  the  same  stress,  irrespective  of  how  much  higher 
the  elastic  limit  may  be,  the  relative  amount  of  the  latter  is  of  no 
importance  provided  it  is  beyond  the  usual  working  stress. 

Perhaps  such  rods  may  be  of  value  in  column  work,  where  high 
stresses  are  used,  and  they  may  be  advantageous  in  the  reinforcement 
of  long  walls  against  shrinkage,  but,  even  in  these  positions,  the  ad- 
vantage is  not  evident.  Eeports  as  to  actual  structures  of  the  last 
mentioned  kind,  where  no  cracks  have  appeared,  together  with  the 
amount  of  steel  introduced,  are  greatly  to  be  desired.  It  is  possible 
that  the  distribution  of  the  reinforcement  is  also  influential  to  some 
extent. 

The  character  and  size  of  the  aggregate  does  not  receive  half  the 
attention  it  deserves,  and  the  quantity  of  water  being  used,  especially 
in  the  manufacture  of  much  cement  brick,  concrete  blocks,  and  orna- 
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mental  cement  work,   is  entirely  inadequate.     Very  few  persons  are  mi.  (joodrich. 
interesting  themselves  in  the  artistic  phase  of  the  subject,  and  the 
results  attained  in  most  part  are  still  considered  rather  crude.     There 
are  some  beautiful  exceptions  to  this  statement,  however. 

Experiments  should  be  made  as  to  means  of  securing  more  uni- 
formity of  color  of  stucco,  and  the  application  of  color  to  cement  sur- 
faces should  receive  more  study.  In  Europe  there  are  some  beautiful 
examples  of  such  work.  While  some  progress  has  been  made  in  devis- 
ing effective  and  pleasing  results  in  surface  treatment  of  concrete 
work,  there  is  still  ample  opportunity  for  improvement.  All  are 
familiar  with  the  terazzo  effect  of  good  granolithic  work,  and  many 
have  seen  surfaces  which  have  been  picked,  axed,  hammered,  or  treated 
with  a  sand  blast.  Some  of  the  effects  produced  by  washing,  with 
heavy  scrubbing  while  quite  fresh,  and  of  etching  with  weak  acid  are 
fairly  pleasing,  but  probably  the  use  of  stucco  in  all  its  several  varie- 
ties will  eventually  predominate.  Colored  tile  can  also  be  used,  either 
in  connection  with  stucco  or  in  combination  with  selected  aggregates, 
and  treated  with  water  or  acid  to  bring  out  the  color. 

With  the  wider  use  of  stucco,  the  necessity  of  securing  a  perfect 
bond  between  it  and  the  foundation  material  will  be  more  apparent. 
Several  patented  and  secret  processes  are  now  in  use,  but  none  is  be- 
yond reproach,  and  in  this  there  is  a  wide  field  for  improvement.  When 
eventually  produced,  such  a  bonding  process  should  be  used,  even  be- 
tween parts  of  work  done  on  succeeding  days. 

The  engineer  should  pay  more  attention  to  the  subject  of  forms. 
If  specifications,  hitherto,  had  not  been  so  indefinite  in  regard  to  this 
item,  fewer  premature  failures  would  have  taken  place.  The  practice 
to  be  followed  in  the  erection  of  at  least  one  important  arch,  of  design- 
ing and  specifying  in  detail  all  points  as  to  the  centering,  can  be 
followed  profitably  in  lesser  structures.  With  this  element  of  risk 
removed,  wherein  the  contractor  has  an  opportunity  to  involve  seriously 
the  safety  of  the  work  by  his  faulty  design  and  erection  of  falsework, 
and  with  the  use  of  reinforcement  in  units  designed  by  an  engineer 
of  long  and  wide  experience,  there  is  no  reason  why  reinforced  con- 
crete work,  eventually,  should  not  become  absolutely  safe  and  fairly 
economical.  Only  one  other  point  remains:  the  process  of  manu- 
facture of  concrete  should  be  inspected  as  carefully  as  the  production 
of  structural  steel  and  the  grading  of  timber.  Then  the  ideal  will 
have  been  reached.  Meanwhile,  a  careful  study  of  the  problem  of 
forms  is  exceedingly  profitable,  because,  in  the  cost  of  finished  work, 
that  of  the  labor  and  material  thus  involved  often  exceeds  40%,  and 
sometimes  approaches  75%,  of  the  total  cost;  and,  when  carefully  done, 
it  may  be  reduced  to  25%,  where  conditions  are  favorable.  The  rapid 
deterioration  of  all  form  material,  because  of  wear  and  tear  from  re- 
peated use,  makes  this  item   of  cost  high,  even  when  the  forms  are 
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Mr.  Goodrich,  used  a  great  many  times.  Doubtless,  metal  will  eventually  be  used  to 
a  great  extent,  although  wood  will  continue  to  be  necessary  for  many 
parts.  Staff  is  being  used  to  excellent  advantage,  even  for  compara- 
tively simple  work,  but  it  is  not  probable  that  its  use  will  ever  be  very 
extensive.  Some  device  which  will  remain  a  permanent  part  of  the 
structure  will  probably  be  used,  because  these  parts  themselves  can  be 
moulded  in  shops  where  few  forms  are  necessary,  and  the  latter  can 
be  used  a  great  number  of  times.  In  a  similar  way,  the  manufacture 
of  structural  members  in  a  factory,  by  machine,  or  in  such  manner 
that  few  forms  are  necessary,  will  also  be  more  widely  developed 
where  conditions  make  it  possible. 

In  the  labor  element,  a  reduction  can  often  be  made  by  handling 
the  forms  in  large  units  by  derricks,  and  many  devices  are  constantly 
being  invented  to  do  away  with  the  costly  work  involved  in  the  use 
of  the  saw,  hammer,  and  nails.  Bolts  and  a  wrench,  and  work  cut  to 
length  in  a  mill,  are  more  nearly  ideal.  In  all  probability,  less  atten- 
tion will  soon  be  given  to  the  finish  of  the  work  as  it  comes  from  the 
forms,  because,  for  most  classes  of  work,  a  better  quality  of  surface 
finish  is  desirable,  and  more  than  enough  money  can  be  saved  by  using 
cruder  forms,  to  cover  the  cost  of  such  surface  treatment. 

Perhaps  it  is  yet  too  early  to  discuss  the  subject  of  standardizing 
the  sizes  of  beams,  percentages  of  reinforcement,  etc.,  but  such  a  step 
will  doubtless  be  taken  just  as  soon  as  the  art  has  outgrown  its  pres- 
ent really  experimental  stage. 

Finally,  a  plea  is  made  for  more  rational  municipal  building  regu- 
lations and  architects'  specifications,  in  the  framing  of  which  engi- 
neers should  have  a  hand.  When  the  designing  engineer  and  the  man 
in  charge  of  the  furnishing  of  materials  and  erection  of  the  work, 
are  distinct  individuals,  better  results  will  be  attained;  and  owner, 
architect,  engineer,  and  contractor  will  then  all  be  striving  for  the 
most  economical  and  artistic  structure  possible. 

Mr.  Thacher.  Edwix  Thacher,  M.  Am.  Soc.  C.  E. — The  effect  of  sea  water  upon 
Portland  cement  mortar  and  concrete,  and  upon  steel  embedded  there- 
in, is  a  subject  which  has  received  considerable  study  from  American 
and  foreign  engineers  and  chemists,  for  several  years  past ;  but  the  in- 
vestigations thus  far  made  appear  to  have  resulted  in  very  little  positive 
knowledge  on  the  subject.  There  is  considerable  conflict  of  opinion 
between  foreign  experts  themselves,  and  between  foreign  and  American 
experts.  What  is  most  desired  is  to  know  why  certain  works  have 
failed,  and  why  other  works  have  stood  the  tests  of  many  years  with- 
out any  signs  of  decomposition  or  injury.  When  this  is  known  it  will 
be  possible  to  write  specifications  for  future  work  in  which  the  chemi- 
cal composition  of  the  Portland  cement  used,  and  the  mixture,  manipu- 
lation, and  placing  of  the  concrete  shall  be  such  as  will  insure  uni- 
formly safe  and  satisfactory  results.     According  to  the  best  known 
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European  writers  on  tlie  subject,  the  use  of  Portland  cement  concrete  Mr.  Thacher. 
in  sea  water  is  attended  with  great  risk  of  chemical  decomposition, 
and  it  is  difficult  and  expensive  to  carry  out  their  recommendations, 
in  the  way  of  precautions  to  be  observed  to  overcome  partially  the 
risk  of  such  a  result,  and  their  conclusions  do  not  appear  to  be  justi- 
fied by  experience  in  America  during  the  past  twenty  years  or  more. 
M.  Feret  states  that  no  cement  has  yet  been  found  which  will  give 
absolute  security  against  the  decomposing  action  of  sea  water,  that 
sulphuric  acid  is  the  principal  cause  of  decomposition,  that  the  cement 
should  be  low  in  alumina,  and  as  low  as  possible  in  lime,  that  puzzolanic 
material  is  a  valuable  addition  to  the  cement,  that  gypsum  should  be 
used  sparingly,  that  fine  sand  used  in  mixing  is  injurious,  and  finally 
that  the  mortar  must  be  such  as  will  give  a  dense  and  impervious 
concrete. 

Dr.  W.  Michaelis  also  recommends  a  completely  impervious  mixture, 
but  differs  from  M.  Feret  in  recommending  that  at  least  one-third  of 
the  sand  used  in  mixing  must  be  very  fine.  If  the  whole  body  of  the 
concrete  is  not  impervious,  he  says,  this  impervious  layer  should  sur- 
round the  porous  kernel  on  all  sides,  and  even  underneath.  He  advises 
a  cement  rich  in  silica  and  as  poor  as  possible  in  alumina  and  ferric 
oxide,  also  the  addition  of  puzzolanic  material  to  the  cement. 

M.  Le  Chatelier  considers  that  the  aluminous  compounds  in  Portland 
cement  are  the  direct  cause  of  its, disintegration  in  sea  water,  and  ad- 
vises that  the  alumina  be  replaced  by  oxide  of  iron.  These  foreign 
authorities  do  not  give  the  chemical  composition  of  a  practical  Port- 
land cement,  such  as  they  would  recommend  for  work  in  sea  water, 
but  satisfy  themselves  by  condemning  to  a  greater  or  less  extent  every 
constituent  of  Portland  cement,  except  silica,  and  no  manufacturer 
has  yet  succeeded  in  producing  a  satisfactory  Portland  cement  contain- 
ing this  material  only. 

The  writer  has  communicated  with  quite  a  number  of  American 
engineers  who  have  had  extensive  experience  in  the  use  of  concrete 
in  sea  water,  and,  almost  without  exception,  the  results  have  been 
highly  satisfactory,  notwithstanding  the  fact  that  very  little  precau- 
tion has  been  observed  regarding  the  chemical  composition  of  the 
cement,  or  the  impermeability  of  the  mixture;  and  the  damage  sus- 
tained has  been  confined  mostly  to  points  between  high  and  low  water, 
apparently  due  to  mechanical  causes  more  than  to  chemical  decomposi- 
tion. Joseph  E.  Kuhn,  Major,  Corps  of  Engineers,  U.  S.  A.,  Norfolk, 
Va.,  is  of  the  opinion  that  little  apprehension  of  chemical  action  need 
be  felt  when  standard  and  well-proved  brands  of  seasoned  cement  are 
used.  He  mentions  a  sea  wall  built  at  Fort  Monroe,  jnst  outside  low 
water,  fifteen  years  ago,  of  1  :  4  :  8  concrete,  with  two-man  stone  in- 
corporated. It  has  been  exposed  to  wave  action  from  storms,  in  which 
the  beach  sand  was  stirred  up,  and  hurled  against  the  wall  with  great 
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Mr.  Thacht-r.  force,  also  to  tides  and  heavy  swells  from  steamers.  This  mixture 
would  naturally  give  a  very  porous  concrete,  but  it  is  hard  and  tough, 
and  no  indications  of  chemical  action  or  damage  of  any  kind  are 
noticeable  except  between  high  and  low  water,  where  the  wall  has  in 
places  been  reduced  in  thickness  as  much  as  4  in.  This  face  has  been 
repaired  by  1  :  2^  :  4  concrete.  Major  Kuhn  concludes  that,  by  using 
a  Portland  cement  of  good  quality,  and  a  dense  and  strong  facing  layer 
when  exposed  to  the  action  of  the  water,  concrete-steel  structures  are 
as  safe  in  salt  as  in  fresh  water. 

C.  W.  Staniford,  M.  Am.  Soc.  C.  E.,  Engineer  in  Chief,  Depart- 
ment of  Docks  and  Ferries,  New  York  City,  says : 

"In  the  work  of  constructing  the  bulkhead  or  river  walls  around 
Manhattan,  which  has  been  in  progress  for  the  past  30  years,  and  is 
now  being  continued,  no  extra  precaiitions  are  taken  on  account  of  the 
concrete  being  laid  in  sea  water,  except  the  use  of  first-class  material 
and  careful  work." 

Practically  all  the  river  wall,  from  low  water  up,  has  a  granite 
face,  backed  by  concrete  in  place,  and  heavy  concrete  blocks  set  in 
place  with  derricks  from  low  water  down,  and  the  work  is  in  perfect 
condition,  after,  in  many  cases,  a  period  of  30  years.  This  applies 
also  to  concrete  blocks  laid  above  water  at  points  not  readily  visible, 
and  to  concrete  laid  en  masse  above  low  water  during  the  past  8  years, 
except  in  one  location  where,  between  low  water  and  2J  ft.  above,  the 
concrete  shows  some  signs  of  pitting,  and  slight  disintegration,  which 
indicates  a  wear  occasioned  by  the  extreme  pressure  of  ice  during  the 
long  low-water  slack. 

S.  W.  Hoag,  Jr.,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer,  Depart- 
ment of  Docks  and  Ferries,  says : 

"As  regards  chemical  action,  the  experience  in  Xew  Tork  Harbor 
ought  to  be  valuable,  as  our  waters  carry  sewage  probably  not  equalled 
in  any  smaller  city.  If  chemical  action  counts  for  anything,  I  think 
it  would  in  the  harbor  of  New  York  along  the  North  and  East  River 
waterfronts.  I  do  not  think  that  the  possible  deterioration  from  chemi- 
cal action  is  likely  to  amount  to  much,  unless  the  exposure  is  in  close 
proximity  to  some  chemical  works.  The  above  remarks  are  predicated 
on  first-class  material  and  workmanship." 

A  committee  of  the  Association  of  Railway  Superintendents  of 
Bridges  and  Buildings  made  some  investigation  on  the  subject  of  con- 
crete in  sea  water,  and  some  of  the  replies  to  its  inquiries  are  of  in- 
terest and  may  be  noted  as  follows : 

A.  Where  there  is  no  ice,  concrete  made  in  air  with  fresh  water 
and  sunk  in  sea  water,  works  well.  We  would  not  deposit  concrete 
direct  into  sea  water.  Disintegration  more  rapid  than  if  deposited  in 
blocks.  Where  there  is  large  ice  formation,  concrete  between  high  and 
low  water  will  disintegrate  from  |  to  f  in.  annually.  Stone  facing 
recommended. 
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B.  ^(ix   dry.  no  water,  and  deposit  through  chutes;  depositing  in  Mr.  Thacher. 
blocks  preferable;  tides  and  frost  have  no  appreciable  effect  on  blocks. 

C.  Concrete  deposited  direct  into  sea  water  gives  perfectly  satis- 
factory results  if  the  materials  and  work  are  right.  The  cement  should 
contain  not  more  than  2%  sulphuric  tri-oxide.  Concrete  should  not 
be  leaner  than  1:2:4.  Stone  facing  preferred  between  high  and  low 
water. 

D.  A  concrete  pier  at  Warren,  E.  I.,  built  about  25  years  ago,  of 
1 :  3  mortar,  is  sound  except  between  high  and  low  tide,  where  it  has 
worn  away  in  places  from  4  to  8  in.,  due  to  ice  and  tide.  Current 
about  S  miles  an  hour. 

The  committee  reports  in  favor  of  depositing  concrete  direct  into 
sea  water.  It  considers  this  method  the  cheapest  and  best,  and  is  of 
the  opinion  that,  with  good  material,  properly  mixed  and  handled,  and 
with  a  granite  face  above  low  water,  it  will  do  good  service. 

Louis  C.  Sabin,  M.  Am.  Soc.  C.  E.,  says: 

"Many  of  the  most  eminent  and  conservative  engineers  consider 
that  most  failures  are  due  to  improper  specifications,  proportions,  and 
manipulation,  rather  than  to  any  defect  in  the  cement." 

William  B.  Mackenzie,  Chief  Engineer,  Intercolonial  Railway  of 
Canada.*  has  used  concrete  in  eight  different  places  in  clear  sea  water, 
and  in  every  case  disintegration  has  taken  place  between  high  and  low 
tide,  from  i  in.  to  6  in.  in  depth.  The  concrete  was  generally  1:2:4. 
He  learned  that,  where  sea  water  carries  sediment,  the  sediment  pene- 
trates into  the  pores  and  coats  the  surface,  and  no  disintegration  takes 
place. 

Martin  Murphy,  Provincial  Government  Engineer,  Nova  Scotia,t 
has  iised  concrete  extensively  for  bridge  piers  since  1883.  Some  of  the 
bridges  were  within  the  influence  of  the  turbulent  tides  of  the  Bay  of 
Fundy,  most  of  them  exposed  to  heavy  drift  ice,  and  all  of  them  to 
extremes  of  temperature,  yet  but  one  failure  can  fce  recorded,  and  that, 
in  his  opinion,  was  due  to  careless  workmanship. 

J.  G.  Theban,  Assoc.  M.  Am.  Soc.  C.  E.,  Engineer  in  Charge  of  the 
Department  of  Bridges,  Borough  of  the  Bronx,  New  York  City,  has 
made  an  interesting  experiment  relating  to  the  preservation  of  steel 
embedded  in  concrete  in  sea  water.  On  August  24th,  1904,  or  some- 
what more  than  three  years  ago,  he  sank  in  Pelham  Bay,  in  20  ft.  of 
water,  a  shallow  wooden  box,  in  which  ten  steel  Thacher  bars,  spaced 
at  equal  intervals,  had  been  spiked  to  wooden  cross-pieces.  A  bucket 
of  1:2:4  concrete  was  then  lowered  and  dumped  on  and  around  these 
bars.  After  one  month  the  box  was  raised  and  placed  at  low  tide, 
where  it  was  covered  with  sea  water  twice  every  24  hours.  The  bars 
have  been  removed  from  time  to  time,  and  all  have  been  found  free 

*  Engineering  Neivs,  October  31st,  1907. 
+  Transactions.  Am.  Soc.  C.  E.,  1893. 
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Mr.  Thacher.  from  rust.  The  speaker  saw  the  last  bar  removed  on  January  1st, 
1908,  and  it  and  also  the  spikes  with  which  it  was  fastened  were  free 
from  rust.  Only  a  thin  film  of  grout  at  most  could  find  its  way  under 
the  bars  at  points  where  they  were  in  contact  with  the  wood,  but  no 
rust  could  be  discovered  at  these  points. 
Thom"'^son  Sakford  E.  Thompsox,  M.  Am.  Soc.  C.  E. — Columns  represent  the 
most  vital  part  of  a  building,  since  the  failure  of  one  may  cause  the 
fall  of  the  entire  structure.  The  extreme  variations  in  the  funda- 
mental assumptions  in  different  private  specifications,  and  also  in  city 
ordinances,  make  it  imperative  that  the  subject  should  receive  more 
accurate  and  scientific  treatment.  As  an  illustration  of  the  variety  of 
ideas  as  to  what  constitutes  safety,  the  extremes  may  be  cited  of  cer- 
tain city  ordinances  which  permit  a  load  not  greater  than  350  lb.  per 
sq.  in.  on  the  column,  and  the  value  which  is  sometimes  used  in  private 
practice  of  1  000  lb.  per  sq.  in.  based  on  the  entire  cross-section  of  the 
column  without  appreciable  reinforcement.  The  convincing  argument, 
once  addressed  to  the  speaker  by  a  prominent  architect,  for  the  adop- 
tion of  the  latter  value  in  an  important  structure  was  that  buildings 
in  the  Middle  "West  had  been  designed  and  constructed  with  this  unit 
compressive  stress  and  were  still  standing. 

The  owners  of  a  building  frequently  bring  great  pressure  to  bear 
upon  the  designer  to  reduce  the  size  of  the  columns  in  the  lower 
stories.  This  is  not  to  be  wondered  at  when  it  is  considered  that 
their  dimensions  may  be  30  or  36  in.  square,  and  thus  require  an  ai>- 
preciable  amount  of  floor  space. 

It  is  well  to  recognize  at  the  start  that  reinforced  concrete  columns, 
of  a  section  which  will  compare  favorably  with  steel,  cannot  yet  be 
safely  and  economically  constructed.  A  design  after  the  principles 
followed  by  Professor  Burr  in  the  McGraw  Building  perhaps  ap- 
proaches a  minimum  section  as  closely  as  is  possible,  but,  even  here, 
only  a  low  unit  stress  can  be  allowed  on  the  steel  without  over-com- 
pressing the  concrete.  It  may  be  laid  down  as  a  general  principle  that, 
not  only  is  it  cheaper  to  resist  compressive  stress  with  concrete  than 
with  steel,  but  also  that  concrete  is  cheaper  than  any  combination 
which  may  be  made  of  steel  and  concrete. 

In  order  to  reduce  the  size  of  concrete  columns,  four  distinct 
methods  have  been  used: 

(1). — Rich  proportions, 

(2). — Vertical  reinforcing  steel, 

(3). — Structural  steel  reinforcement, 

(4). — Hooping  or  banding. 
The  use  of  a  very  rich  mixture  has  much  to   commend  it.     The 
ultimate  strength,  by  using  a  1  : 1  mortar,  may  reach  5  000  lb.  per  sq. 
in.,*  and  the  modulus  of  elasticity  will  also  be  so  high  that  the  defor- 
mation will  be  slight. 


*  "Tests  of  Metals,"  U.  S.  A..  l9Ci4,  p.  386. 
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The  introduction  of  vertical  steel  rods  is  indicated  by  the  majority  _?'' ■  ''^-  ^■ 
of  tests*  to  be  a  satisfactory  manner  of  increasing  the  strength,  but 
the  low  stress  which  can  be  taken  by  the  steel  without  permitting  too 
great  deformation  of  the  concrete,  makes  this  an  expensive  method, 
and  the  percentage  of  steel  is  limited,  not  only  by  economical  con- 
siderations, but  also  because  of  the  diflficulty,  especially  when  deformed 
rods  are  used,  of  placing  the  concrete  around  them  properly. 

The  use  of  structural-steel  shapes  for  reinforcement  has  already 
been  so  fully  considered  in  previous  discussions  that  no  further  men- 
tion need  be  made  here. 

Hooping  or  banding,  first  introduced  by  Considere  in  France,  per- 
haps more  than  any  other  method  of  reinforcement,  has  caught  the 
popular  eye,  with  a  resulting  tendency  to  great  extremes  of  loading. 
For  this  reason,  it  behooves  engineers  to  examine  very  carefully  the 
underlying  principles  involved  in  this  method  of  reinforcement  and 
the  results  of  experiments  thus  far  made. 

To  illustrate  the  position  taken  by  many  conservative  engineers 
on  the  subject  of  hooped  columns,  it  may  be  worth  while  to  study  for 
a  moment  the  real  action  which  takes  place  under  loading,  as  shown 
both  by  theory  and  tests. 

When  a  load  is  placed  upon  the  top  of  any  column,  it  causes  verti- 
cal compression  or  deformation,  with,  at  the  same  time,  a  lateral  ex- 
pansion. The  lateral  expansion  in  concrete  columns,  as  shown  by  tests 
upon  plain  and  upon  reinforced  columns  by  Mr.  J.  E.  Howard  at  the 
Watertown  Arsenal,t  and  by  A.  N.  Talbot,  M.  Am.  Soc.  C.  E.,  at  the 
IJniversity  of  Illinois,:}:  is  at  first  very  small.  Any  stress  produced  in 
the  steel  hooping  must  be  proportional  to  its  deformation  or  stretch- 
ing; hence,  with  small  lateral  expansion  of  the  concrete,  there  can  be 
but  slight  stress  in  the  hoops.  For  this  reason,  and  also  because  of 
the  initial  shrinkage  of  the  concrete,  which  the  lateral  expansion  must 
first  overcome,  scarcely  any  stress  or  pull  comes  upon  the  hoops  until 
the  concrete  within  them  has  reached  a  loading  equal  to  the  breaking 
load  in  plain  concrete.  As  this  load  is  approached,  the  modulus  of 
elasticity  of  the  concrete  becomes  very  much  lower,  and  consequently 
both  the  vertical  and  lateral  deformations  become  much  greater.  Then, 
and  not  until  then,  does  the  lateral  pressure  begin  to  act  appreciably 
upon  the  hoops.  In  other  words,  up  to  the  very  crushing  strength  of 
plain  concrete,  the  value  of  the  hooping  is  actually  negligible.  From 
then  on,  the  reinforcement  takes  practically  all  the  load,  and  a  high 
ultimate  strength  may  be  attained,  although  coincident  with  great 
shortening  of  the  column. 

It  is  evident  that,  if  concrete  is  confined  in  a  tube,  advantage  can 
be  taken  of  the  added  strength  due  to  the  tube.     On  the  other  hand, 

*  '-Tests  of  Metals."  U.  S.  A.,  1904,  p.  386;  1905,  p.  377. 

+  'Tests  of  Metals,"  U.  S.  A.,  1905,  pp.  293-336. 

t  Proceedings.  American  Society  for  Testing  Materials.  Vol.  VIT,  1907.  p.  382. 
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Mr.  s.  E.  if  hoops  are  very  far  apart,  it  is  evident  that  the  concrete,  when  it 
'  reaches  a  stress  equal  to  the  strength  of  plain  concrete,  will  be  thrust 
out  between  the  hoops.  Professor  Talbot's  tests,*  using  a  gradually 
increasing  load,  indicate  that,  with  ordinary  spacing  (the  effect  of 
different  hoop  spacing  is  not  definitely  discussed  in  the  advance  report 
of  the  tests  thus  far  made),  the  hoops  will  effectually  restrain  the  con- 
crete within  them.  The  effect  of  repeated  and  continued  loading  was 
not  investigated  by  him. 

Even  with  the  concrete  restrained  within  the  hoops,  the  shell  of 
concrete  outside  of  them,  which  is  necessary  for  fire-proofing  and  for 
the  protection  of  the  steel,  begins  to  crack  and  peel  at  about  the  same 
load  as  that  which  will  cause  complete  failure  in  unreinforced  con- 
crete. Professor  Talbot,  in  fact,  states  as  a  general  proposition  that: 
"Cracking  and  peeling  of  the  concrete  appear  at  loads  corresponding 
to  the  laltimate  strength  of  the  concrete." 

This  applies  to  hoops  held  rigidly.  If  the  hooping  is  in  short  spiral 
sections,  with  the  ends  of  the  wire  or  rods  simply  lapped  or  insecurely 
fastened  together,  it  follows,  inevitably,  that  the  spiral  must  give  way 
and  unwind  as  soon  as  it  is  exposed  by  the  stripping  of  the  concrete 
from  the  steel.  Consequently,  the  breaking  strength  of  a  column  hooped 
in  this  way  will  only  be  effectively  equal  to  that  of  an  unreinforced 
column. 

The  modulus  of  elasticity  of  the  concrete  within  any  hooping,  after 
the  point  of  exterior  cracking  is  reached,  drops  very  rapidly,  reaching, 
in  the  two  diagrams  shown  in  Professor  Talbot's  paper,  less  than 
300  000  lb.  per  sq.  in.,  even  at  2  000  lb.  per  sq.  in.  stress  in  the  column, 
the  deformation  becoming  so  great,  in  fact,  that  any  vertical  rein- 
forcing steel,  unless  in  such  quantity  as  to  take  the  full  load,  would 
pass  its  elastic  limit  soon  after  the  point  of  first  crack,t  and  by  its 
buckling  increase  the  surface  peeling.  Furthermore,  from  the  ap- 
pearance of  the  deformation  curve,  the  concrete  itself  would  seem  to 
be  in  somewhat  the  same  condition  as  is  steel  after  it  has  passed  its 
elastic  limit. 

When  it  is  considered  that  the  usual  practice  in  concrete  column 
design  takes  no  definite  account  of  eccentric  loading,  or  of  bending 
caused  by  expansion  and  contraction  of  floor  and  wall  areas,  and  that 
inferior  spots  may  occur  in  any  concrete,  through  careless  mixing  or 
placing,  it  appears  that  the  greatest  care  should  be  exercised  in  fixing 
the  unit  stresses  in  hooped  columns. 

Tentative  conclusions  with  regard  to  hooped  column  design  at  the 
present  stage  of  tests  may  be  summarized  as  follows: 

(1). — Hooping,  if  properly  applied,  increases  the  ultimate  break- 
ing strength  tmder  a  single  loading  to  double  or  treble  the  breaking 
strength  of  a  plain  column. 

*  Proceedings.  American  Society  for  Testing  Materials,  Vol.  VII,  1907,  p.  382. 
+  See  also  Mr.  Howard's  tests,  in  "  Tests  of  Metals,"'  U.  S.  A. 
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(2).— The  surface  of  concrete  outside  of  the  hooping  will  begin  to  ^holupi^n 
criick  at  a  loading  corresponding  to  the  breaking  load  of  an  unhooped 
concrete  column. 

(3). — Hooping,  if  not  continuous  or  rigid,  will  peel  off  with  sur- 
face concrete,  so  that  the  effective  strength  of  the  cnluinn  will  be  no 
greater  than  a  similar  one  of  plain  concrete. 

(4). — The  total  vertical  deformation  of  a  hooped  column  is  so 
great  at  the  period  of  first  external  crack  that  any  vertical  steel,  unless 
designed  to  carry  the  entire  load,  is  stressed  beyond  its  safe  strength. 

(5). — The  ultimate  breaking  strength  of  a  hooped  column  is  no 
measure  of  its  safe  strength,  and  formulas  based  on  the  ultimate 
strength  are  useless. 

(6). — With  the  present  knowledge,  based  on  tests  in  America  and 
abroad,  the  safe  load  allowed  on  hooped  columns  should  be  but  slightly, 
if  any,  greater  than  on  similar  columns  without  hooping. 

In  spite  of  the  favorable  reports  which  have  resulted  from  the 
European  experiments  upon  hooped  concrete,  it  seems  impossible  to 
ignore  the  additional  facts  brought  out  by  American  tests.  Before  the 
hooping  acts,  the  concrete  has  begun  to  crush,  and  any  structural  ma- 
terial which  has  begun  to  crush  is  unsafe. 

William  H.  Burr,  M.  Am.  See.  C.  E.— Statements  made  in  the  Mr.  Burr 
course  of  this  discussion  appear  to  indicate  that,  in  such  a  general  treat- 
ment of  the  entire  concrete-steel  question  as  this,  some  features  at 
least  of  the  use  of  concrete-steel  should  receive  a  more  careful  con- 
sideration than  would  otherwise  seem  necessary,  in  view  of  recent 
successful  constructions. 

Caution  has  been  urged  against  using  a  unit  working  stress  in  the 
concrete-steel  combination  exceeding  one-tenth  of  the  ultimate  resist- 
ance of  plain  concrete,  such  caution  being  based  upon  some  of  the 
results  obtained  in  the  tests  of  12-in.  cubes  of  1:2:4  concrete  at  the 
Watertown  Arsenal.  In  the  consideration  of  experimental  results 
attained  by  testing  concrete  cubes,  it  is  of  the  utmost  importance  to 
know  completely  all  the  circumstances  of  such  tests,  including  the 
preliminary  tests  of  the  cement  used  and  the  gradations  of  the  sand 
and  gravel  or  broken  stone  aggregate.  If  a  1:2:4  concrete  should 
be  mixed  relatively  dry,  and  allowed  to  set  in  air  and  remain  in  a  dry 
building,  from  the  time  of  its  mixture  until  testing,  the  results  at  the 
end  of  any  usual  test  period  might  and  probably  would  be  quite  dif- 
ferent from  those  found  at  the  end  of  the  same  period  with  a  com- 
paratively wet  mixture  kept  constantly  moist  by  sprinkling  for  a  month 
or  longer  subsequent  to  mixing.  Other  conditions  equally  productive 
of  varying  results  can  be  named,  besides  the  quality  of  the  cement. 

As  a  matter  of  fact,  there  are  numerous  tests  of  12-in.  cubes  of 
1:2:4  concrete  in  the  records  of  the  Watertown  Arsenal  which  show 
an  ultimate  compressive  resistance  of  from  3  000  to  3  600  lb.  per  sq.  in.. 
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Mr-.  Bun .  ind  even  more,  at  the  end  of  three  months,  with  increasing  resistances 
for  longer  periods.  It  is  a  conservative  statement  to  say  that  vcell- 
balanced  1:2:4  concrete,  made  with  a  good  quality  of  Portland  cement, 
may  give  from  2  700  to  3  000  lb.  per  sq.  in.,  at  the  end  of  three  months, 
with  ultimate  resistance  continually  increasing  with  age.  Such  con- 
crete may  properly  and  safely  be  expected  to  reach  ultimate  resistances 
of  from  4  000  to  4  500  lb.  per  sq.  in.  at  the  end  of  a  year,  results  which 
are  justified  by  extended  experience  both  in  America  and  in  Europe. 
It  is  difficult  to  assign  any  satisfactory  reason  for  the  use  of  a  work- 
ing stress  as  low  as  one-tenth  the  ultimate  resistance  of  concrete.  It 
is  true  that  there  are  occasional  cases  of  retrogression,  but,  with  the 
high  grade  of  Portland  cement  available  from  the  most  reputable  pro- 
ducers both  in  America  and  abroad,  it  is  reasonable  to  state  that,  with 
the  usual  engineering  inspection  to  which  the  best  classes  of  public 
work  are  now  subjected,  cement  with  retrogressive  qualities  may  con- 
fidently be  excluded.  No  engineer  at  the  present  time  need  apprehend 
sensible  difficulty  in  securing  Portland  cement  the  resistance  or 
strength  of  which  will  go  on  increasing  indefinitely,  and,  having 
reached  its  maximum,  hold  it.  Under  such  conditions,  a  working  re- 
sistance or  permissible  intensity  of  compression  in  concrete  of  one-fifth 
to  one-sixth  of  its  ultimate,  certainly  affords  all  margin  of  safety  re- 
quired for  engineering  works  of  the  best  class.  Indeed,  probably  a 
somewhat  higher  working  stress  than  that  is  justified  in  large  struc- 
tures of  reinforced  concrete,  especially  where  the  reinforcement  is  of 
such  a  character  as  to  give  material  lateral  support  to  the  concrete. 
This  subject  is  illustrated  effectively  by  the  report  of  a  French  Govern- 
ment Commission  bearing  upon  the  use  of  reinforced  concrete  in 
France.  In  that  report  the  limit  of  compressive  stresses  allowed  in 
reinforced  concrete  is  two-sevenths  of  the  ultimate  crushing  resistance 
of  the  same  concrete  as  determined  by  tests  of  plain  cubes  at  the  age 
of  90  days,  with  the  further  provision  that  this  two-sevenths  may  be 
increased  to  three-fifths  if  the  longitudinal  and  transverse  reinforce- 
ments comply  with  certain  prescribed  conditions.  This  French  pro- 
vision would  yield  a  safe  working  stress  with  first-class  reinforced  con- 
crete work  but  little  if  any  under  900  lb.  per  sq.  in.  The  Bureau  of 
Buildings  of  the  Borough  of  Manhattan,  New  York  City,  therefore, 
has  taken  a  safe  and  satisfactory  course  in  allowing  750  lb.  per  sq.  in. 
in  such  reinforced  concrete  work  as  the  Thirty-ninth  Street  Building 
in  the  City  of  New  York.  In  fact,  this  latter  working  resistance  is 
conservative  for  the  best  class  of  reinforced  concrete  work  of  the 
present  time. 

The  apprehension  regarding  the  reliability  and  durability  of  rein- 
forced concrete  work  as  shown  by  timorous  expressions  reminds  one 
strongly  of  the  attitude  which  some  engineers  and  others  used  to  take 
toward  structural  steel  when  it  first  came  into  use,  twenty-five  or  more 
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years  ago.  It  is  remarkable,  when  one  reflects  that  structural  steel  is  Mr,  Burr, 
practically  the  only  structural  metal  which  we  now  possess,  that  at  the 
period  to  which  allusion  is  made  it  was  frequently  argued  out  of  any 
future  possibility  of  use,  as  compared  with  such  a  reliable  material  as 
wrought  iron,  in  consequence  of  the  erratic  behavior  which  some  struc- 
tural steel  members  exhibited  at  that  time.  Fine  cracks,  started  at  a 
punched  rivet  hole  or  sheared  edge,  would  sometimes  extend  far  enough 
to  destroy  the  reliable  carrying  power  of  a  channel  or  angle  or  other 
member.  Such  clisclosures,  with  other  erratic  experiences,  were  sources 
of  keen  apprehension  to  many;  others,  however,  believed  them  to  be 
merely  passing  phases  of  difficulty,  which  attend  the  introduction  of 
all  new  materials  and  processes,  and  careful  study,  with  intelligent 
shop  manipulations,  has  shown  them  to  be  such.  Experience,  of 
course,  has  more  than  justified  the  advocates  of  structural  steel,  and 
that  metal  has  now  proved  to  be,  not  only  reliable,  but  by  far  the  best 
structural  material  ever  yet  made  available  to  the  engineer  for  a  wide 
range  of  purposes;  indeed,  wrought  iron  is  no  longer  available  for 
structural  purposes,  nor  has  it  been  for  a  number  of  years. 

Reinforced  concrete  is  passing  through  a  similar  phase.  It  is 
admirably  adapted  to  a  great  range  of  structural  purposes.  Much  has 
already  been  learned  in  regard  to  it,  but  extending  experience  will  dis- 
close a  widening  fund  of  information  of  value  to  the  engineer  in  its 
intelligent  application.  As  a  matter  of  fact,  more  is  actually  known 
about  the  carrying  capacity  or  the  ultimate  resistance  of  concrete- 
steel  members  than  about  the  carrying  capacity  of  steel  columns,  a3 
determined  by  actual  tests.  There  has  already  been  accumulated  a 
great  mass  of  well-considered  and  well-digested  experimental  data  re- 
garding the  design  and  construction  of  both  concrete-steel  beams  and 
columns,  although  there  is  need  of  many  additional  tests  of  some  of 
the  latest  and  best  forms  of  concrete-steel  columns.  On  the  other 
hand,  there  are  almost  no  tests  of  full-sized  steel-built  columns,  made 
in  such  a  way  as  to  disclose  some  of  the  most  important  fundamental 
principles  of  design.  In  the  present  condition  of  actual  tests  of  the 
two  classes  of  members,  it  is  reasonable  to  believe  that  there  may  be 
at  least  as  much  confidence  attached  to  the  computed  ultimate  carrying 
capacity  of  both  reinforced  concrete  beams  and  columns  as  now  built 
under  the  best  design  as  can  be  attached  to  the  computed  ultimate 
carrying  capacity  of  steel  columns.  Engineers  have  been  so  accus- 
tomed to  design  and  construct  built-steel  columns  in  their  every-day 
work  that  few  ever  reflect  on  the  paucity,  or  even  absence,  of  experi- 
mental data  on  which  to  base  a  rational  and  competent  design  of  such 
members. 

All  that  reinforced  concrete  construction  needs  for  reliable  results 
is  good  cement,  good  inspection,  and  intelligent  design,  which,  up  to  the 
present  time,  it  has  not  always  had.     It  is  one  of  the  most  useful  build- 
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5ir.  Burr,  ing  materials  which  the  engineer  has  yet  had  at  his  command,  but  it 
must  be  dealt  with  in  a  manner  suitable  to  any  first-class  engineering 
work.  There  must  be  rational  design,  intelligent  and  efiective  hand- 
ling, and  good  inspection,  precisely  as  with  structural  steel;  and,  under 
such  conditions,  reliable  and  durable  results  may  confidently  be  ex- 
pected. 
Mr.  T.  K.  T.  Kennard  THOMSON,  M.  Am.  Soc.  C.  E.  (by  letter). — Reinforced 
Thomson.  (,Q^(,j.g^g^  li]jg  gU  other  good  things,  should  be  protected  from  its 
friends.  Many  young  men,  having  very  little  knowledge  of  steel  or  con- 
crete, have  formed  companies  to  build  reinforced  concrete  structures, 
and  one  of  the  first  things  with  which  they  come  in  contact  is  the 
fact  that  to  obtain  a  contract  they  must  bid  low,  another  is  the  neces- 
sity of  showing  the  advantages  of  reinforced  concrete  over  structural 
steel,  and,  as  the  question  of  cost  is  the  one  that  appeals  most  forcibly 
to  the  majority  of  purchasers,  they  try  to  design  their  structure  so 
that  the  cost  will  be  as  low  as,  or  not  much  higher  than,  plain  steel. 
One  of  the  methods  of  doing  this  is  to  use  fiber  strains  which  are 
higher  than  a  good  bridge  or  building  designer  is  accustomed  to  allow. 

Many  who  design  reinforced  concrete  strain  their  steel  bars  up  to 
20  000  or  22  000  lb.  per  sq.  in. — strains  which  bridge  engineers  have 
countenanced  only  for  very  long  spans,  that  is,  those  where  the  dead 
loads  are  large  compared  with  the  live  load.  The  recent  collapse  at 
Quebec,  where  it  was  intended  to  allow  a  possible  strain  of  24  000  lb., 
and  where,  owing  to  faulty  detailing,  the  structure  failed  at  about 
18  000  lb.,  has  made  many  doubt  the  wisdom  of  allowing>.such  high 
combinations  of  strains  (even  if  only  possible),  which  are  hardly  likely 
to  occur  on  any  span. 

It  is  practically  impossible  to  ascertain  the  exact  elastic  limit  of 
the  built-up  members  of  a  bridge — due  to  imperfections  of  workman- 
ship, material,  etc.,  etc.,  and  therefore  it  is  decidedly  unsafe  to  ap- 
proach too  close  to  the  elastic  limit,  in  estimating  the  stresses,  or  to 
assume  that  the  elastic  limit  of  the  test  bar  is  the  elastic  limit  of  the 
full-sized  member.  There  is  no  reason  for  allowing  higher  fiber  strains 
in  reinforced  concrete  than  in  plain  steel,  as  there  are  many  elements 
of  uncertainty  in  the  former  which  do  not  occur  in  the  latter,  because 
far  more  care  is  required  in  the  field  work  and  inspection  of  concrete. 

One  source  of  danger,  "dry  concrete,"  is  rapidly  disappearing,  for 
dry  concrete  practically  required  an  inspector  for  each  laborer,  in 
order  to  ensure  proper  ramming,  whereas  wet  concrete  will  almost 
ram  itself — the  only  danger  being  the  risk  of  letting  the  water  escape, 
thus  carrying  the  cement  with  it.  A  4-in.  reinforced  concrete  wall  in 
New  York  City  was  recently  removed,  when  it  was  found  that  there 
was  no  bond  between  the  steel  and  the  concrete.  Not  knowing  the 
conditions  under  which  the  wall  was  built,  it  can  only  be  assumed 
that  the  concrete  must  have  been  put  in  too  dry. 
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After  the  design  for  a  reinforced  concrete  structure  has  been  made,  ^fr-  T.  K. 
the  three  most  important  considerations  are  the  proper  handling  of  the 
material,  protection  from  rust,  and — more  important  still — protection 
from  electrolysis. 

In  ordinary  structures  where  large  masses  of  concrete  are  used, 
buckets  containing  2  cu.  yd.  can  be  dumped  in  place,  and,  if  wet,  re- 
quire almost  no  handling,  but,  in  most  reinforced  concrete  structures 
comparatively  little  material  is  used,  and  the  utmost  care  is  required 
in  handling.  In  many  cases  the  extra  sum  paid  for  labor  plus  the 
reinforcement  makes  the  work  cost  as  much  as,  or  more  than,  a  good 
plain  concrete  structure  containing  twice  as  much  concrete,  in  which 
case  it  is  better  to  put  one's  money  into  the  material  rather  than  into 
the  labor. 

Much  difference  of  opinion  exists  as  to  whether  or  not  concrete 
can  be  made  water-tight.  The  writer's  experience  has  been  that  it 
can  be,  but  may  not  always  be,  owing  to  carelessness,  and  that  the  mix- 
ture should  always  be  rich,  that  is  1  part  of  cement  to  2  parts  of 
sand,  with  as  much  stone  as  can  be  covered. 

The  writer  has  seen  24-in.  I-beams,  which  had  been  buried  in  con- 
crete under  the  city  streets  for  five  or  six  years,  taken  out  cleaner  than 
they  were  put  in,  and  in  many  places  showing  the  original  blue  shop 
scale — no  paint  or  oil  having  been  used.  In  a  few  isolated  places, 
however,  these  beams  were  pitted  with  rust,  showing  where  the  water 
had  found  its  way  to  them.  It  is  well  known  that  paint  and  oil  inter- 
fere with  the  bond  between  steel  and  concrete.  Steel  caissons  and 
coffer-dams  have  been  sunk  in  quicksand  in  New  York  City,  which, 
when  exposed  some  seven  years  later,  showed  not  the  slightest  evidence 
of  rust. 

The  writer  has  removed  old  steel  and  cast-iron  columns,  which  had 
been  bedded  in  concrete  and  brickwork  for  years,  which  showed  abso- 
lutely no  sign  of  rust.  Therefore,  in  large  buildings,  carefully  con- 
structed, it  would  seem  that  thereis  almost  no  danger  of  rust,  but  it 
is  doubtful  if  this  is  true  of  reinforced  concrete  bridges,  where  thin 
layers  of  concrete  are  used,  for  it  has  been  found  very  difficult  to  put 
in  a  roadway  floor  which  will  not  allow  any  water  to  percolate  through. 

The  danger  from  electrolysis  is  probably  very  much  greater  than 
from  rust,  and  its  action  is  m.ore  rapid.  There  have  been  cases  in 
New  York  City  where  a  certain  amount  of  current  has  been  grounded 
through  the  steel  in  foundations  buried  in  concrete,  and  the  steel  has 
been  absolutely  destroyed.  For  foundations,  it  would  seem  to  be 
safer,  in  many  cases,  to  rely  on  mass  concrete  rather  than  on  thin 
slabs  of  reinforced  concrete,  which  cost  almost  as  much  in  the  first 
place.  Of  course,  in  cases  where  water  can  reach  the  embedded  steel 
and  carry  an  electric  current  with  it,  the  danger  is  very  great. 
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Mr.  T.  K.  It  is  probably  true  that  steel  in  reinforced  concrete  is  much  less 
■  likely  to  rust  than  in  a  steel  structure  covered  with  the  best  paint, 
but  the  latter  can  be  inspected  and  the  former  cannot. 

In  short,  the  best  friends  of  reinforced  concrete  should  restrict  its 
use  to  its  legitimate  spheres,  which  are  many; 

D.  W.  Krellwitz,  Jun,  Am.  Soc.  C.  E.  (by  letter). — Probably  the 
most  novel  form  in  which  reinforced  concrete  has  been  used  is  in 
transmission-line  structures. 

One  case  is  the  12-mile  transmission,  for  many  thousand  horse- 
power at  high  voltage,  from  Decew  Falls  to  Welland,  Ont.,  Canada, 
for  which  a  line  with  reinforced  concrete  towers  was  completed  in 
1907.  Another  example  is  the  line  of  towers*  carrying  transmission 
circuits  of  high  voltage  to  St.  Catharines,  Ont.  These  towers  are  at 
present  the  highest  monoliths  that  have  ever  been  erected,  being  con- 
siderably more  than  twice  the  height  of  any  of  the  famous  Cleopatra 
needles. 

For  the  elevations  above  ground  at  which  it  is  common  to  support 
the  conductors  of  transmission  lines  (from  25  to  45  ft.),  a  reinforced 
concrete  tower,  in  various  parts  of  the  United  States  and  Canada,  will 
cost  from  one  to  five  times  as  much  as  a  wooden  pole.  It  follows  at 
once  from  this  fact  that  there  must  be  cogent  reasons,  apart  from 
the  matter  of  first  cost,  if  the  substitution  of  reinforced  concrete  towers 
for  wooden  poles  on  transmission  lines  is  to  be  justified  on  economical 
grounds.  The  electric  transmission  of  energy  from  distant  water- 
powers  to  important  centers  of  population  has  grown  from  the  most 
humble  beginnings  to  the  delivery  of  hundreds  of  thousands  of  horse- 
power in  the  service  of  millions  of  people,  and  the  lines  for  some 
of  this  work  are  supported  on  reinforced  concrete  towers.  Electrical 
supply  in  Buffalo,  N.  Y.,  to  the  amount  of  30  000  h.p.,  depends  entirely 
on  the  circuits  from  Niagara  Falls  which  operate  at  22  000  volts  and, 
at  Tonawanda,  N.  Y.,  are  supported  on  reinforced  concrete. 

In  the  operation  of  high-voltage  transmissions,  during  the  past, 
some  difficulties  have  been  met,  but  they  have  not  been  so  serious  as  to 
prevent  satisfactory  service.  Nevertheless,  it  is  being  urged  that 
certain  impediments,  met  in  the  operation  of  transmission  systems, 
would  be  much  reduced  by  the  substitution  of  reinforced  concrete  for 
wooden  poles,  and  it  is  even  suggested  that  perhaps  the  first  cost,  and 
probably  the  last  cost,  of  a  transmission  line  of  this  kind  would  be  less 
than  with  wood  for  supports.  The  argument  for  reinforced  concrete, 
in  the  matter  of  costs,  is  that,  while  a  tower  requires  a  larger  invest- 
ment than  a  wooden  pole,  yet  the  smaller  number  of  towers  may  reduce 
the  entire  outlay  to  about  the  same  as  for  wood.  More  than  this,  it 
is  said  that  the  lower  depreciation  and  maintenance  charges  on  rein- 

*  Described  by  the  writer  in  his  paper  on  "  Reinforced  Concrete  Towers,"  Ti-ansnctions, 
Am.  Soc.  C.  E.,  Vol.  LX,  p.  160. 
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forced  concrete  supports  will  make  their  final  cost  less  than  that  of  Mi  Kreiiwitz. 
wooden  poles. 

One  advantage  of  reinforced  concrete  over  wood  is  that  it  will 
not  burn,  and  is  probably  not  subject  to  destruction  by  lightning. 
The  fact  that  reinforced  concrete  will  not  burn  may  make  it  desirable 
in  places  where  a  long  line  passes  over  a  territory  covered  with  brush 
or  timber.  In  tropical  countries  where  insects  rapidly  destroy  wood 
the  use  of  reinforced  concrete,  even  at  a  much  greater  cost,  might  be 
highly  desirable. 

Guy  B.  Waite,  M.  Am.  Soc.  C.  E.  (by  letter). — Reinforced  con-  Mr,  waite. 
Crete  has  its  uses,  and,  up  to  the  present,  there  are  few  things  to  which 
it  has  not  been  found  to  apply. 

Public  opinion  has  changed  within  a  very  few  years  from  serious 
doubt  about  concrete  being  good  for  anything  to  that  now  held,  that 
it  is  good  for  everything. 

Friends  of  concrete  can  do  much  damage  to  the  cause  by  insisting 
on  pointing  out  personal  achievements  where  actually  failures  should 
have  been  recorded. 

It  is  not  possible  for  one  man  to  formulate  a  statement  as  to  the 
universal  adaptability  of  concrete  for  a  given  purpose,  in  all  localities 
from  New  York  to  California,  without  a  knowledge  of  all  the  condi- 
tions in  each  locality.  The  popular  idea  seems  to  be  in  most  places 
that  concrete  should  be  used  for  buildings  because  it  is  so  much 
cheaper  than  wood,  and  that  in  concrete  construction  the  cost  of  almost 
anything  is  very  trifling.  This  view  has  recently  been  strengthened  by 
one  of  our  most  distinguished  and  respected  prophets,  who  promises 
to  see  that  a  two-family  house,  if  it  is  desired,  is  turned  out  complete 
in  a  few  hours.  It  is  to  be  regretted  that  the  necessary  details  to  enable 
others  to  benefit  by  his  discovery  are  not  disclosed. 

Concrete  has  its  pros  and  cons  which  could  be  stretched  in  long 
columns,  thus,  for  example: 

Against  concrete:  For  concrete: 

Not  good  in  tension;  Good  in  compression; 

Requires  forms ;  Good  for  limited  amount  of  shear ; 

Requires  time  to  set;  Strength  improves  with  age; 

Difficult  to  tear  down — or  to  fall  Economical  where  forms  are  sim- 

down ;  pie ; 

Etc.  Is  monolithic; 

Etc. 

Stone  concrete,  mixed  in  the  proportion  of  1:2:4,  can  be  laid 
down  in  almost  any  part  of  a  fair-sized  building,  with  profit,  at  30 
cents  per  cu.  ft.,  not  including  forms. 

An  average  steel  column,  for  a  corresponding  building,  could  be 
erected,  at  a  profit,  for  $90  per  ton. 
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Mr.  waite.  Average  steel  floor  beams  and  girders,  of  standard  sections,  will 
cost  $60  per  ton. 

Beginning  with  the  supporting  columns  of  a  building,  a  properly 
reinforced  concrete  column  (conservatively  estimated)  will  carry  an 
average  of  750  lb.  per  sq.  in.  On  the  other  hand,  suppose  the 
corresponding  steel  column  to  be  strengthened  so  that  it  carries  an 
average  of  16  000  lb.  per  sq.  in.  Then  the  required  amount  of  ma- 
terials in  the  two  cases  will  be  as  750  to  16  000,  or  about  as  1  to  21. 

The  costs  of  corresponding  sections  of  the  two  materials,  on  the 
foregoing  assumption,  will  be  30  cents  and  $21.96,  or  as  1  to  73.  There- 
fore the  relative  costs  of  the  sections  of  each  material  to  carry  any 
unit  loading  will  be  as  21  to  73,  or  about  1  to  Sh  in  favor  of  the  con- 
crete column. 

From  here  on,  practical  experiences  will  become  useful  to  decide 
whether  the  percentage  of  1  to  3  J  in  favor  of  concrete  is  the  ultimate 
ratio  of  cost,  when  everything  is  considered. 

Even  engineers  prejudiced  in  favor  of  steel  will  perhaps  concede 
that  for  this  steel  column  about  12  to  15%  will  have  to  be  added  to 
the  carrying  shaft  for  fittings,  etc.  (and  in  the  case  of  latticed  columns 
much  more  than  this),  which  added  amount  of  steel  will  be  sufficient 
to  reinforce  the  concrete  column — according  to  the  accepted  theory  of 
hooping.  Further,  if  the  steel  column  is  to  be  protected  from  rust  as 
well  as  fire,  the  forms  and  the  concrete  material  for  such  fire-proofing 
will  be  substantially  the  same  in  each  case. 

Without  taking  time  to  go  further  into  details,  it  would  appear 
that  concrete  properly  used  in  the  form  of  columns  would  certainly 
have  the  better  of  the  argument,  when  comparing  costs. 

The  speed  of  erection  sometimes  becomes  important,  and,  where 
the  reinforcement  to  the  concrete  column  is  made  in  the  form  of  an 
independent  carrier,  construction  can  proceed  approximately  as  rapidly 
as  in  all-steel  construction. 

The  next  objection  to  the  concrete  column  is  naturally  the 
increased  size.  This  objection  cannot  be  raised  consistently  except  in 
normal  buildings  more  than  six  stories  high,  and  this  in  the  lower 
stories  only.  If  the  buildings  be  eight  stories  high,  the  size  of  the 
columns  will  only  be  abnormally  large  in  the  two  lower  stories,  etc. 
A  well-constructed  building,  six  stories  high,  should  have  columns  of 
steel  of  not  less  than  a  certain  outward  dimension,  in  order  to  give 
proper  rigidity  to  provide  against  eccentric  loading,  etc.,  and  such 
steel  columns,  when  fire-proof,  will  be  substantially  of  the  size  of  the 
solid  reinforced  concrete  column,  with  an  equivalent  strength  and 
rigidity. 

With  development  along  the  lines  of  improved  reinforcement  for 
the  concrete,  in  reinforced  concrete  columns,  it  is  believed  that  in  the 
future  the  sizes  of  concrete  columns  can  be  reduced  to  meet  all  re- 
quirements. 


DISCUSSION  ON  THE  USE  OF  REINFORCED  CONCRETE  57 

Concrete,   in   connection   with   reinforced   floors,   is  usually   taken  Mr.  Wait^ 
witli  a  working  stress  of  500  lb.  extreme  fiber  strain. 

With  the  usual  T-section  of  floor  construction,  an  average  work- 
ing load  on  the  entire  sectional  area  for  compression  can  be  taken 
safely  at  450  lb.  per  sq.  ft.  Estimating  the  steel  beams  to  take  this 
load  at  the  unit  prices  set  forth  above,  the  comparative  costs  of  con- 
crete and  steel  would  be  about  as  35  to  49,  showing  an  economy  in 
favor  of  concrete,  other  things  being  the  same.  But,  in  this  item  of 
floor  construction,  the  concrete  floors  have  to  be  installed,  even  when 
the  all-steel  construction  is  used,  in  order  to  coat  the  steelwork  and 
protect  it  against  rust  as  well  as  fire.  So  that,  in  reality,  if  the  con- 
crete cost  as  much  or  more  than  the  steel  doing  the  compression  work, 
whatever  is  saved  by  putting  this  concrete  to  work  is  a  clear  gain, 
other  things  being  the  same. 

Other  things  do  not  always  remain  the  same,  however,  and  it  is 
necessary  to  consider  the  form  work  for  the  reinforced  concrete  con- 
struction and  the  forms  for  the  fire-proofing,  used  when  steel  con- 
struction carries  all  the  floor  loads. 

With  the  steel  beams  and  girders  giving  the  working  lines  and 
offering  ample  supports  for  the  wood  forms,  the  modern  system  of 
forms  for  fire-proofing  is  very  materially  less  than  where  much  stronger 
independent  framings  and  supports  must  be  carefully  leveled  and  sup- 
ported for  the  reception  of  the  concrete,  in  reinforced  work. 

Where  the  forms  can  be  made  in  the  same  general  manner  as  fire- 
proofing  (as  in  some  improved  systems  of  reinforced  concrete),  the 
discussion  of  the  relative  costs  of  forms  can  be  dropped,  and  one  may 
proceed  to  compare  other  items  in  the  relative  costs  of  concrete  and 
steel  constructions.  Now,  assuming  that  forms  are  the  same,  and  that 
the  concrete  is  used  as  a  fire-proofing  in  each  case,  showing  a  gain  for 
every  bit  of  the  concrete  in  the  reinforced  scheme  (which  is  not  ob- 
tained in  the  fire-proof  scheme),  then,  if  it  is  not  clear  that  there  is 
economy  in  the  reinforced  scheme,  it  is  because  the  concrete  can  be 
made  cheaper  in  the  one  construction  than  in  the  other.  The  floor 
slabs  will  have  the  same  loads  to  carry  when  acting  as  carriers  from 
beam  to  beam:  the  concrete,  to  be  an  effective  protection  to  the  steel 
against  deterioration,  must  be  rich,  so  that,  if  the  ultimate  objects 
are  to  be  accomplished,  the  concrete  should  be  substantially  the  same 
in  either  case. 

Without  making  the  inquiry  more  monotonous,  it  would  appear 
that,  in  floors,  concrete  reinforced  construction  shows  an  economy  in 
proportion  to  the  amount  of  steel  it  is  able  to  replace.  So  that,  where 
economy  alone  is  the  object,  a  good  steel  job  is  necessary.  In  light 
constructions  (such  as  dwellings  and  hotels),  where  but  little  steel  is 
necessary,  one  cannot  save  as  much  by  using  concrete  as  where  the 
steel  is  heavier;  and  the  saving  continues  to  increase  with  the  amount 
of  steel  to  be  saved. 
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Mr.  waite.  In  the  foregoing  comparison  of  relative  costs  in  column  and  floor 
constructions  the  form  work  is  similar  whether  reinforced  concrete  or 
steel  and  fire-proofing  be  used.  In  monolithic  wall  and  partition  con- 
struction the  comparison  is  disadvantageous  when  it  is  considered 
that  brick  walls  and  partitions  are  laid  rapidly  and  without  the  incon- 
veniences of  forms,  and  that  double  forms  are  necessary  for  concrete. 
Further,  it  is  very  much  more  difficult  to  place  the  forms  for  straight 
walls  or  partitions  than  for  either  columns  or  floors.  The  wall  forms 
are  not  easily  held  plumb,  or  in  straight  lines.  The  removal  of  the 
forms  for  walls  is  also  much  more  difficult  than  for  either  columns  or 
floors.  The  cost  of  common  brick  and  mortar  amounts  to  about  18 
cents  per  cu.  ft.,  and  the  cost  of  the  materials  composing  concrete  is 
just  about  the  same.  So  that  tlie  cost  of  laying  the  brickwork,  for 
walls  of  the  same  thickness,  must  be  balanced  by  the  cost  of  the  double 
forms  and  placing  the  concrete. 

It  is  not  intended  to  burden  the  reader  with  descriptions  of  the 
difficulties  of  constructing  form  work  for  vertical  structures;  but,  to 
anyone  having  much  experience,  it  must  be  evident  that  such  diffi- 
culties must  be  met.  Economy  in  wall  work  must  be  looked  for  only 
in  heavy  work,  where  the  quantity  of  material  placed  for  any  given 
form  is  sufficient  to  pay  for  it,  without  materially  affecting  the  cost 
of  the  concrete. 

When  no  finish  is  looked  for  on  the  concrete  work,  rough  forms 
may  be  placed  for  from  4  to  5  cents  per  sq.  ft.  on  each  side  of  the  wall; 
but,  for  good  form  work,  the  cost  will  run  from  7  to  10  cents  per  sq. 
ft.  on  each  side. 

Concrete  walls  will  be  erected.  They  are  an  improved  construction, 
and  can  be  handled  conveniently  in  connection  with  other  concrete 
work  in  a  building.  The  object  of  writing  what  seems  to  the  writer 
to  be  the  truth  about  their  construction  is  that  economy  in  their  con- 
struction should  be  looked  for  along  other  lines  than  making  double 
forms  for  the  reception  of  the  concrete.  It  is  believed  that  there  will 
soon  be  other  means  of  erecting  concrete  walls  and  partitions,  in  which 
concrete  can  more  than  compete  with  the  rapid  and  economical  brick 
wall. 
Hi.  sirx-um.  C.  L.  Slocum,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  science 
and  use  of  reinforced  concrete  in  the  United  States  appears  to  be  in 
its  earlier  stages,  as  compared  with  a  longer  and  more  thorough  ac- 
quaintance and  varied  use  in  Europe.  Only  recently  its  wide  application 
in  America  has  been  appreciated  in  the  manifold  kinds  of  construction 
which  are  now  seen  almost  everywhere.  Generally  speaking,  theory 
and  practice  do  not  seem  to  be  as  closely  allied  in  America  as  abroad. 
American  engineers  have  not  learned,  as  well  as  European  engineers, 
that  knowledge  of  the  constituent  materials  and  thoroughness  in  de- 
tails of  construction  are  more  important  than  records  in  speed  of  erec- 
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tion.  Like  everything  new,  much  opposition,  in  the  nature  of  in-  Mr.  siocum. 
credulity,  has  to  be  overcome.  For  its  age,  reinforced  concrete  is 
fairly  well  understood,  and  it  may  be  said  that  its  newness  is  its 
greatest  fault.  The  change  in  the  field  of  design  caused  by  the 
knowledge  of  the  properties  and  capabilities  of  the  combination  of 
concrete  and  steel  is  now  general,  and  is  somewhat  in  the  nature  of  a 
revolution  in  construction.  There  is  hardly  a  department  or  particu- 
lar sphere  of  construction  which  has  not  been  changed  by  it.  Homely 
and  incongruous  constructions  in  wood,  steel,  and  stone,  and  other 
types  of  construction  too  highly  commercialized,  may  now,  at  reason- 
able cost,  give  place  to  permanent  structures,  which  are  pleasing  to  the 
eye  and  are  harmonious  additions  to  the  locality  or  landscape.  Many 
types  of  construction  in  vogue  or  considered  as  good  standard  practice 
two  or  three  years  ago  are  now  appropriately  known  or  should  be 
known  as  a  part  of  the  history  of  construction. 

If  reinforced  concrete  can  be  accorded  the  same  conscientious  treat- 
ment and  scrutiny  as  steel  receives,  there  need  be  no  hesitation  about 
making  the  change  to  more  permanent  and  artistic  structures,  which, 
if  honestly  built,  will  cause  no  concern  or  attention  after  they  are  put 
in  place.  The  mature  design  and  construction  of  steelwork  to-day  is 
accomplished  by  experts  in  that  line,  and  these  are  necessarj^  accom- 
paniments of  its  age  and  maturity.  The  use  of  reinforced  concrete 
needs  more  rigid  inspection  in  construction,  for  it  is  idle  to  apply  care- 
fully intricate  formulas  to  designs  which  when  constructed  suffer  for 
want  of  expert  superintendence  and  experienced  labor. 

In  the  realm  of  bridge  construction,  where  ample  depth  is  available, 
there  is  not  much  doubt  as  to  its  economy.  This  still  holds  true  for 
spans  with  comparatively  shallow  depth,  and  with  light  loads,  in  the 
nature  of  moving  concentrations.  For  crossings  with  little  depth  of 
structure  available,  with  heavy  moving  concentrations,  its  sphere  of 
usefulness  is  at  present  advisedly  confined  to  short  spans.  However, 
even  floor  spans,  up  to  and  from  30  to  40  ft.,  under  heavy  concentra- 
tions, with  less  than  the  ordinary  depth,  can  well  be  investigated.  Fab- 
ricated units,  of  simple  shapes,  as  reinforcement,  with  little  or  no  shop- 
work,  will  afford  ample  stiffness.  Theoretical  analysis,  however,  must 
show  that  the  unit  stresses  in  the  concrete  and  steel  are  well  within 
the  fatigue  limits.  Continuous  framework  or  an  interdependent  sys- 
tem of  units,  easily  put  together,  as  reinforcements,  but  rigid  in  itself 
when  complete,  would  seem  to  afford  as  much  stiffness  as  steel  beams 
bedded  in  concrete,  which  are  generally  calculated  as  carrying  all  the 
loads  independently.  In  true  reinforced  work  the  homogeneous  com- 
bination of  the  concrete  and  steel  is  the  supporting  resistance.  The 
full  use  of  the  two  materials  to  carry  the  loads  must  be  more  economical 
than  the  use  of  the  one  which  has  the  concrete  merely  as  a  protection. 
The  writer  doubts  the  economy  of  hybrid  construction. 
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With  old  or  much-used  material  the  internal  or  molecular  structure 
and  properties  of  which  have  been  changed,  or  are  in  doubt,  half  the 
usual  unit  stress  allowed  for  new  reinforcement,  or  doubling  the  usual 
economical  percentage  of  reinforcement,  would  seem  to  be  safe  and 
advisable.  The  use  of  old  material,  of  cumbersome,  as  well  as  dubious 
section,  of,  say,  4  or  5  sq.  in.  net  section,  such  as  old  rails,  is  inad- 
visable for  floor  bridges  in  total  length  greater  than  the  commercial 
rail  lengths;  because  attempts  to  develop  such  sections  in  tension  are 
too  expensive,  and  are  somewhat  abortive. 

In  a  series  of  short,  independent,  self-supporting  arches  of  rein- 
forced concrete,  which  are  very  flat,  and  are  practically  carried  on  con- 
tinuous columns,  the  writer  has  used  the  cantilever  method  in  finding 
the  stresses  in  the  constituent  materials,  and  has  proportioned  the 
steel  accordingly;  in  other  words,  he  has  considered  the  middle  third 
of  each  span  as  carried  by  the  end  thirds.  These  arches  were  calcu- 
lated for  the  heaviest  moving  concentrations  for  highways.  In  beam 
and  slab  bridges,  carrying  heavy  trolley  concentrations,  where  the  de- 
sign is  somewhat  hampered  for  depth,  higher  percentages  of  steel  and 
double  reinforcement  may  have  economical  advantage. 

In  current  American  practice,  more  time  can  be  allowed  to  good 
advantage  for  this  construction  to  attain  mature  strength  rather  than 
use  a  green  structure  prematurely  and  perhaps  lessen  the  efficiency  of 
the  bond.  Collections  of  materials  of  construction  or  equipment, 
sometimes  inadvertently  placed  on  new  work,  give  concentrations  for 
which  the  design  is  not  calculated,  and,  if  the  work  is  not  of  sufficient 
age,  much  damage  may  be  done,  and  may  not  be  evident  until  some 
time  after.  Such  consequent  weakness  may  be  brought  out  by  fatigue, 
which,  under  normal  conditions,  could  not  be  explained.  From  ob- 
servation, competent,  well-paid  superintendence  and  experienced  work- 
men of  the  best  class  give  the  strongest  structure  and  the  one  that 
fulfills  all  the  conditions  of  economy. 

As  compared  with  the  usual  heavy  masonry  arches  of  gravity  sec- 
tion, the  comparatively  light  reinforced  arches  give  more  and  greater 
vibrations  under  moving  loads,  principally  on  account  of  much  less 
bulk  weight  of  structure.  Can  reinforced  concrete  work  vibrate  with 
the  same  impunity  as  steelwork?  The  writer  thinks  it  can,  if  the 
working  stresses  are  not  too  high,  but  are  well  within  the  fatigue  limits. 
Much  interesting  and  instructive  information  could  be  obtained  by 
measuring  the  number  of  vibrations  and  their  amplitude  on  bridges  of 
different  types  under  different  kinds  and  speeds  of  rolling  loads. 
Under  any  conditions,  crossings  of  shallow  floor  construction  can  well 
be  tested  for  unusual  loads,  and  consequent  deflection,  if  any. 

Other  properties  and  characteristics  being  satisfactory,  a  greater 
proportion  of  finely-ground  cement,  with  a  graded  aggregate  will,  with 
safety,  give  reinforced  concrete  design  and  construction  its  bold  quality. 
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wliicli  distinguishes  it.  Too  little  attention  is  paid  to  the  compact-  Mr.  Slocuni 
ness  or  density  of  the  mixture.  The  result  of  a  few  simple  and  inex- 
pensive experiments  in  the  measurement  of  voids,  taking  a  compara- 
tively short  time  to  perform,  will  give  a  cheaper  and  stronger  concrete. 
In  reinforced  work,  such  preliminary  investigations  are  productive  of 
economy. 

Myron  S.  Falk,  Assoc.  M.  Am.  See.  C.  E. — A  considerable  number  Mr.  Faik. 
of  reinforced  concrete  structures  have  of  late  been  described  with  en- 
thusiasm before  this  Society  and  in  the  technical  press;  and  many,  if 
not  all,  of  the  published  descriptions  make  it  appear  that  these  struc- 
tures have  been  a  complete  success  from  the  time  of  their  inception, 
causing  no  trouble  to  designer,  owner,  or  contractor. 

As  a  rule,  these  descriptions  cover  the  completed  structure  only, 
and  omit  references  to  the  difficulties  and  dangers  encountered  during 
construction. 

Candid  statements  of  facts  in  relation  to  the  use  of  reinforced 
concrete  are  absolutely  necessary  at  the  present  time;  such  statements 
must  be  accurate,  and  should  conceal  nothing,  so  that  they  may  serve 
as  guides  to  others  who  propose  this  construction  for  similar  classes  of 
work. 

Plates  TV  and  V  illustrate  the  construction  of  two  buildings, 
entirely  of  concrete,  which  were  built  during  1907,  are  now  in  use, 
and,  to  any  observer,  would  appear  to  be  eminently  satisfactory.  In 
neither  case  will  the  respective  owners  repeat  their  experiences,  since 
in  both  instances  they  have  learned  that  different  methods  would  have 
afforded  structures  which  could  have  been  erected  more  quickly,  at 
less  cost,  and  would  have  been  fully  as  permanent. 

Plate  IV  and  Fig.  1,  Plate  V,  show  an  ice  storage  house,  the 
outside  dimensions  of  which  are  58  by  92  ft.,  and  with  a  clear  inside 
height  of  42  ft.  8  in.  from  the  top  of  the  basement  floor  to  the  under- 
side of  the  roof  slab.  The  columns  supporting  the  roof  are  18  by  12 
in.  in  cross-section,  and  are  embedded  at  intervals  of  about  11  ft.  in 
the  curtain  walls,  which  are  12  in.  thick  for  the  exterior  and  10  in. 
for  the  interior  walls.  The  building,  which  is  to  store  cakes  of  manu- 
factured ice,  contains  three  chambers  running  the  full  length  of  the 
structure,  the  only  entrance  to  each  being  through  a  small  ice  chute  in 
the  front  of  the  building.  There  are  no  windows.  At  first  study,  any 
engineer  would  claim  such  a  structure  to  be  ideal  for  reinforced  con- 
crete; forms  for  vertical  walls  and  for  one  roof  slab  only  were  re- 
quired.   The  history  of  the  case,  however,  refutes  this. 

The  building  was  planned  by  an  architect,  who  called  for  proposals, 
requiring  the  bidding  contractors  to  design  the  reinforced  concrete 
v/ork  subject  to  his  approval,  although  he  himself  wrote  the  specifica- 
tions under  which  the  work  was  to  be  built,  and  prepared  preliminary 
plans  showing  his  ideas  as  to  reinforcement.    One  of  the  requirements 
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-Mr,  Faik.  was  that  the  walls  and  columns  were  to  be  designed  to  withstand  an 
assumed  horizontal  thrust  due  to  the  pressure  of  the  ice.  Conse- 
quently, the  columns  were  designed,  by  the  contractors  to  whom  the 
work  was  awarded,  as  vertical  beams  loaded  at  their  centers  with  the 
ice  thrust.  This  explains  (Fig.  1,  Plate  IV)  why  the  reinforcing  rods  in 
the  columns  were  placed  in  two  lines  parallel  to  the  exterior  faces  of  the 
columns,  instead  of  being  spaced  more  uniformly  throughout  the  cross- 
section.  The  rods  forming  this  reinforcement  ran,  for  the  most  part, 
the  full  height  of  the  building,  and,  as  they  were  not  self-supporting, 
it  was  necessary  to  build  a  wooden  structure  to  hold  them  before  any 
concreting  work  was  done.  This  structure  is  shown  in  Fig.  2,  Plate 
IV. 

The  rods  in  the  columns  were  hooped  together  at  short  intervals, 
not  only  by  outside  wires,  but  also  by  wires  crossing  through  the 
center;  moreover,  in  order  to  space  the  corner  column  rods  away  from 
the  forms,  the  contractor  inserted  plate-washers   on  each  corner  rod. 

The  curtain  walls  were  also  reinforced  with  horizontal  and  vertical 
rods  spaced  and  wired  as  shown  in  Fig.  1,  Plate  V.  It  is  evident 
that  the  reinforcement  acted  as  a  screen  through  which  the  raw  con- 
crete was  forced  to  pass. 

One  clause  of  the  architect's  specifications  read  as  follows : 

"The  centering  for  columns  shall  not  be  over  half  the  height  of  the 
building  before  concreting  is  commenced  and  for  enclosing  walls  not 
over  10  ft.  in  height,  unless  otherwise  approved." 

Although  the  contractor  should  have  known  better,  he  blindly  at- 
tempted to  follow  this  clause.  The  final  results  of  the  work,  taken  in 
connection  with  the  design,  are  shown  clearly  in  the  photographs,  and 
require  no  explanation,  except  that,  when  the  forms  for  the  lower  por- 
tions of  the  walls  were  stripped,  the  owner,  mistrusting  both  contractor 
and  architect  as  to  the  safety  of  the  work,  called  for  engineering  advice. 

The  structure  was  completed,  after  much  difficulty,  strictly  accord- 
ing to  plan;  dangerous  defects  were  repaired  so  that  no  failure  may 
be  expected,  and  surface  blemishes  were  plastered  so  that  anyone  not 
familiar  with  the  actual  construction  might  believe  the  building  to  be 
an  example  to  be  followed. 

The  building  shown  by  Fig.  2,  Plate  V,  was  originally  designed 
by  an  architect  as  a  frame  building  to  be  finished  in  cement  stucco; 
but  a  reinforced  concrete  contractor  convinced  the  owner  that  it  would 
cost  but  little  more  to  make  the  building  entirely  of  concrete,  and  he 
was  given  the  order  to  proceed.  In  fairness  to  the  architect,  it  should 
be  stated  that  he  was  not  consulted  as  to  the  building  after  the 
original  plans  had  left  his  hands. 

When  the  structure  had  reached  about  half  way  to  the  second 
story  the  owner  began  to  suspect  the  character  of  the  work  which  was 
being  done,  and  decided  to  complete  the  building  by  day's  work  in 
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Fig.  2.— Reinforced  Concrete  Building. 
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charge  of  an  engineer.     No  difficulties  out  of  the  ordinary  were  en-  Mr.  Faik. 
countered  until  the  roof  was  reached. 

The  building  is  40  ft.  square,  and  there  are  four  interior  columns. 
The  roof  is  a  concrete  slab,  sloping  at  about  45°  from  the  horizontal, 
and  is  supported  on  the  side-walls  and  on  two  concrete  beams  running 
the  length  of  the  building  and  carried  by  the  concrete  columns.  The 
concrete  in  the  main  portion  of  the  building  had  been  poured  very  wet; 
but  when  this  mixture  was  placed  on  the  sloping  roof  forms  it  refused 
tc  stay  in  place.  Therefore,  wooden  planks  had  to  be  placed  on  top 
of  this  concrete  in  order  to  hold  it  down.  This  method,  however,  was 
exceedingly  difficult,  as  the  roof  was  a  dangerous  place  for  the  work- 
men. The  concrete  was  changed  to  a  drier  mixture,  but  still  re- 
quired the  use  of  the  outside  forms.  As  it  was  impossible  to  lay  very 
much  of  the  roof  in  one  day,  there  were  many  joints.  After  the  con- 
crete had  set  so  that  workmen  could  move  about  without  injury  to  it, 
a  surface  coat  of  mortar,  in  which  was  incorporated  a  so-called  water- 
proof compound,  was  placed.  This  coat  was  colored  with  red  oxide  of 
iron,  so  that  the  final  surface  showed  a  pleasing  red.  The  surface 
coat  was  plastered  smooth,  and  it  seemed  as  though  all  water  would 
be  easily  shed.  The  first  rain  storm,  however,  showed  that  the  roof 
leaked  almost  like  a  sieve.  It  must  be  remembered  that  this  work  had 
been  done  by  day's  labor,  and  not  by  contract,  and  that  there  had  been 
absolutely  no  incentive  for  any  but  the  best  workmanship. 

The  speaker  consulted  several  water-proofing  companies,  asking 
them  to  water-proof  the  roof  without  destroying  the  color  effect  which 
had  been  obtained,  but  not  one  of  these  companies  would  take  the  work 
and  guarantee  it  for  more  than  one  year.  The  use  of  pitch  or  similar 
water-proofing  material  was  not  permitted  on  account  of  the  color,  nor 
does  the  speaker  believe  that  any  plastic  material  would  stay  on  this 
roof.  It  was  finally  decided  to  apply  alum  and  soap,  as  in  the  Sylvester 
process,  and  from  its  application  up  to  the  present  time  the  roof  has 
shed  the  rain.  It  has  not  yet  passed  through  both  a  summer  and  a 
winter,  and  it  will  be  interesting  to  note  what  effect  the  temperature 
will  have  on  a  thin  slab  of  this  kind.  The  speaker  would  not  advise 
anyone  to  use  a  reinforced  concrete  roof  of  this  kind. 

Rudolph  P.  Muxer.  M.  Am.  Soc.  C.  E. — In*  the  speaker's  experi-  Mr.  Miller 
ence,  along  the  line  of  building  construction,  the  success  of  reinforced 
concrete  in  engineering  work  is  greatly  dependent  on  thorough  and 
intelligent  inspection.  Many  a  good  design  has  been  completely  de- 
feated because  of  the  lack  of  proper  superintendence.  The  materials 
being  used  at  the  present  day  in  this  kind  of  work  are  generally  reliable, 
but  their  improper  handling  has  often  been  responsible  for  poor  re- 
sults. It  is  desired  to  call  attention  here  to  two  defects  that  have  been 
of  too  freqiient  occurrence,  which  can  be  avoided  by  a  little  foresight 
in  the  design  and  by  intelligent  supervision  in  the  construction :    First, 
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Mr.  Miller,  the  displacement  of  the  reinforcement  when  the  concrete  is  placed; 
and  second,  the  formation  of  cavities  in  the  concrete  construction  due ' 
to  complicated  reinforcement. 

It  would  seem  unnecessary  to  call  the  attention  of  engineers  to  the 
danger  of  the  displacement  of  reinforcing  rods  or  bars  in  reinforced 
concrete  beams.  Concisely  stated,  if  the  displacement  is  upward,  there 
is  a  loss  of  strength  proportionate  to  the  amount  of  displacement;  if 
the  displacement  is  downward,  the  fire-resisting  qualities  of  the  con- 
struction are  impaired,  and  ability  to  resist  fire  is  one  of  the  main 
claims  of  superiority  of  reinforced  concrete  construction.  Judging 
from  experience,  however,  it  seems  to  be  important  to  call  the  atten- 
tion of  engineers  to  the  necessity  of  making  provision  for  preventing 
the  displacement  of  the  reinforcement.  It  is  the  speaker's  opinion 
that,  no  matter  how  carefully  bars  or  rods  are  placed  in  the  moulds, 
or  what  precaution  is  taken  in  the  pouring  of  the  concrete,  there  can 
be  no  assurance  that  the  reinforcement  is  in  its  proper  position  when 
the  work  is  completed,  unless  some  means  have  been  used  to  prevent  a 
movement.  The  only  certain  method  that  has  come  to  the  speaker's 
attention  is  that  used  in  the  so-called  "Unit"  systems,  in  which  all 
the  reinforcing  bars  or  rods  in  a  beam  (and  it  is  equally  applicable  to 
column  construction),  including  the  stirrups,  are  secured  by  heavy 
wire  clamps  or  other  devices  in  such  a  way  that  their  relative  positions 
cannot  alter.  By  using  washers  or  spacers  the  resultant  frame  can  be 
secured  in  the  forms  against  a  bodily  displacement,  and  held  at  a 
proper  distance  from  the  outer  surface  of  the  finished  concrete. 

Besides  assuring  the  correct  position  of  the  reinforcement,  the  use 
of  the  unit  frames  greatly  simplifies  the  superintendence  of  the  con- 
struction. It  requires  but  a  glance  (comparatively  speaking)  to  see 
whether  all  the  reinforcement  is  in  place  in  the  form  and  whether  the 
proper  frame  is  in  each  form.  The  frame  having  been  built  up  from 
detailed  drawings,  previously  prepared,  the  danger  of  the  omission, 
occasionally,  of  a  bar  or  rod,  of  the  substitution  of  a  bar  of  less  cross- 
section,  or  of  the  use  of  too  short  a  bar,  is  practically  eliminated.  (See 
Fig.  1,  Plate  VI.) 

The  frames  themselves  may  be  fabricated  at  the  shops  and  shipped 
to  the  job;  or,  if  the  operation  is  sufficiently  large  to  justify  it,  there 
may  be  a  temporary  shop  on  the  premises.  The  particular  advantage  in 
this  is  that  the  forms  can  be  inspected  and  checked  before  they  are  put 
in  place.  A  sample  detailed  drawing  from  which  the  frames  are  made 
is  shown  in  Fig.  1. 

Fig.  2,  Plate  VI,  shows  anotlier  and  quite  satisfactory  method  of 
securing  the  reinforcement  in  position  when  the  style  of  columns  used 
is  such  as  to  admit  of  it.  This  is  a  photograph  of  one  of  the  column- 
girder  connections  in  the  McGraw  Building,  New  York,  recently  de- 
scribed* by  William  H.  Burr,  M.  Am.  Soc.  C.  E. 

*  Transactions,  Am.  Soc.  C.  E  ,  Vol.  LX,  p  4J3. 
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Fig.  1.— Unit  System  of  Frames. 


Fig.  '2.— >fETHOD  of  Sectrixc,  Reinforcement. 


Fig.  3.— Cavities  in  Coli-mn. 
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The  second  detail  of  construction  wliich  soenis  to  have  escaped  at-  Mr.  MiIIpi-. 
((Mition  is  the  avoidance  of  too  complicated  a  reinforcement.  In  the 
disposition  of  the  steel,  care  must  be  taken  that  the  several  elements 
are  not  so  closely  spaced  or  so  arranged  as  to  prevent  the  concrete  from 
pouring  between  and  around  them  and  thus  producing  cavities.  The 
size  of  stone  used  in  the  aggregate  should  be  considered  in  connection 
with  the  spacing  of  the  rods,  or  vice  versa.  When  complicated  rein- 
forcement cannot  be  avoided,  the  size  of  the  stones  should  be  reduced 
to  suit  the  condition,  or  the  stone  should  be  eliminated,  and  mortar 
should  be  used.  All  this  applies  particularly  to  column  construction 
and  other  work  where  the  concrete  must  fall  through  considerable 
height.  The  speaker  has  seen  a  column,  the  cross-section  of  which 
was  not  more  than  20%  of  its  embedded  area,  because  of  the  cavities 
formed  by  the  sieve-like  action  of  the  reinforcement.  An  instance  of 
what  is  meant,  though  not  as  serious  as  the  case  referred  to,  is  shown 
ill  Fig.  3,  Plate  VI. 
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See  Standard  Sheet  No.Q. 

Eugene  W.  Stern,  M.  Am.  Soc.  C.  E.- — No  structural  material  in  Mr.  stern, 
recent  years   has   temporarily  won   such   enthusiastic   partisanship,   or 
caught  the  public  eye  to  such  an  extent,  as  reinforced   concrete.     It 
may  be  that   the  reason  for   this   is  that   it   appeals  so   much   to   the 
imagination  of  the  layman. 

It  is  viseless  to  consider  all  the  claims  that  have  been  made  for  it; 
but  one  in  particular  should  be  flatly  contradicted,  which  is  that  but 
little  special  knowledge  is  required  in  the  art  of  working  in  this  ma- 
terial, and  therefore  that  it  can  be  largely  done  by  unskilled  labor. 
In  view  of  the  many  fatal  accidents  which  have  resulted  from  the  im- 
proper use  of  this  material,  this  claim  is  not  as  strongly  urged  as  it 
once  was. 

A  matter  of  interest  in  connection  with  the  construction  of  rein- 
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3lr.  Stern,  forced  concrete  work  is  that  contracting  firms,  or  those  who  exploit 
patented  or  deformed  bars,  are  largely  responsible  for  the  designs 
which  go  into  buildings  to-day.  They  submit  their  own  plans,  based 
on  the  use  of  these  bars  or  some  special  method  of  construction,  under 
some  kind  of  guaranty  as  to  carrying  capacity,  almost  always  without 
any  charge  for  their  services.  It  is  the  speaker's  experience  that  this 
method  leads  to  trouble,  very  often  to  a  lawsuit.  The  client's  interests 
are  supposed  to  be  looked  after  by  the  contractor,  but,  when  any  trouble 
happens,  his  interests,  of  course,  are  forgotten. 

It  is  more  than  ever  necessary,  in  the  use  of  this  material,  that  the 
structural  design  and  supervision  of  the  work  should  be  placed  in  the 
liands  of  competent  professional  engineers  who  represent  the  owner's 
interests  only. 

In  no  other  material  of  construction  is  such  extreme  care  necessary, 
and  such  intelligent,  constant  and  painstaking  supervision  required  in 
every  part  of  the  process. 

Keinforced  concrete  is  a  valuable  material  for  use  in  structures, 
and  has  a  large  field.  It  has  its  limitations,  however,  and  often,  owing 
to  the  enthusiasm  of  its  advocates,  has  been  used  where  other  ma- 
terials would  have  answered  the  purpose  better. 

As  a  facing  for  buildings  it  has  not  proven  a  success,  for  the  rea- 
son that  it  is  difficult  to  obtain  a  pleasing  surface,  and  ordinarily  is 
more  expensive  than  brick.  In  the  construction  of  high  buildings,  the 
speaker  believes  that  it  is  not  as  suitable  for  columns  and  girders  as 
steel-frame  construction.  For  low  buildings,  or  factory  and  mill  build- 
ings, occupying  large  areas  in  outlying  districts,  where  there  is  plenty 
of  room  to  handle  the  material,  it  has  proved  a  very  desirable  substitute 
for  mill-constructed  buildings. 

Among  the  faults  of  reinforced  concrete  work  is  its  tendency  to 
crack,  due  to  the  shrinkage  of  the  concrete.  The  speaker  has  had  to 
deal  with  a  number  of  reinforced  concrete  buildings,  and  none  of  these 
has  been  free  from  cracks  in  various  places.  A  recent  case  was  inter- 
esting: In  a  building  there  were  two  rows  of  columns  longitudinally, 
dividing  it  into  three  bays.  In  the  center,  between  the  columns,  there 
were  heavy  girders,  but,  in  the  outside  bays,  for  structural  reasons, 
there  were  in  places  light  girders.  The  heavy  girders,  in  shrinking, 
drew  the  columns  slightly  together  and  the  outside  girders  cracked  in 
the  top  flange. 

The  illustrations  shown  by  Messrs.  Falk  and  Miller  are  interesting 
in  showing  what  actually  happens  in  practice.  The  speaker,  however, 
has  seen  much  larger  voids  in  columns  than  any  of  those  illustrated. 
In  one  case,  where  deformed  bars  having  prongs  were  used,  there  were 
voids  in  the  columns  which  practically  occupied  the  whole  area  of  the 
column.  There  was  no  attempt  on  the  part  of  the  contractor  to  scamp 
his  work,  but  the  interlacing  of  the  prongs  formed  a  screen  which  held 
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ii|)  the  stone  and  prevented  it  from  becoming  well  conriolidatcd  in  tlie  Mr.  stern, 
mi.xtnrc,  with  the  above  result. 

The  use  of  reinforced  concrete  for  raih-oad  bridges  does  not  seem 
to  be  a  proper  application,  for  the  reason  that  constant  vibration  would 
tend  to  cause  cracks  ultimately,  and  separate  the  reinforcement  from 
the  concrete. 

Where  conditions  would  be  favorable  to  the  rusting  of  steel,  rein- 
forced concrete  is  not  suitable,  unless  cracking  can  be  prevented,  as 
otherwise  the  reinforcement  will  ultimately  rust  out. 

Mathematical  investigations  have  been  carried  to  an  extreme  degree 
of  refinement  in  reinforced  concrete  construction,  and  designs  have 
been  worked  out  on  paper  for  huge  structures  that  stagger  the  imagina- 
tion of  any  but  the  most  enthusiastic.  Only  recently,  a  design  for  a 
bridge  over  Spuyten  Duyvil  Creek,  New  York  City,  has  been  prepared 
by  its  Department  of  Bridges,  involving  the  construction  of  a  rein- 
forced concrete  arch  of  703  ft.  span. 

Reinforced  concrete  is  anything  but  an  academic  proposition.  It 
is  eminently  a  practical  one.  Theorists  assume  for  their  computations 
certain  conditions,  some  of  which  may  be  possible,  and  some  of  which 
may  not  be  possible,  to  obtain  in  the  practical  operation  of  construc- 
tion. Many  things  in  the  practical  use  of  this  material  have  yet  to  be 
understood,  and  these  can  only  be  learned  by  experience. 

Has  the  state  of  the  art,  in  the  use  of  this  comparatively  new  ma- 
terial, progressed  to  such  an  extent  as  to  warrant  the  conclusion  that, 
to-day,  it  is  a  perfectly  safe  and  legitimate  proposition  to  undertake 
to  build  structures,  which  in  magnitude  and  boldness  of  conception  far 
exceed  anything  in  existence  of  similar  type?  Is  it  not  sounder  engi- 
neering to  progress  slowly  along  well-tried-out  lines? 

There  is  wide  difference  of  opinion  as  to  what  the  working  stresses 
ought  to  be,  particularly  in  compression.  The  building  codes  of  the 
various  cities  in  America  are  not  by  any  means  uniform  in  this  re- 
spect, the  allowable  unit  stresses  in  compression  varying  from  350  lb. 
upward,  and  some  engineers  have  recommended  as  high  a  stress  as  750 
lb.  per  sq.  in. 

There  have  been  a  great  many  tests  on  concrete  cubes,  the  data 
obtained  from  which  are  valuable  in  this  discussion.  The  highest  re- 
sults have  been  obtained,  of  course,  where  the  specimens  have  been 
kept  in  moist  sand,  or  submerged  under  water;  but  tests  made  under 
such  ideal  conditions,  which  rarely  obtain  in  practice,  should  not  be 
used  as  a  basis  for  deciding  what  should  be  the  working  stress  of  con- 
crete in  compression,  unless  these  conditions  approximate  those  under 
which  the  structure  itself  is  built. 

Among  the  many  tests  made  at  Watertown  Arsenal,  the  speaker 
would  refer  especially  to  a  series  of  tests  on  12-in.  cubes,  prepared  by 
the  authorities  at  the  Arsenal,  the  results  of  which  are  given  in  their 
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Mr.  Stern.  Aniiual  Reports  for  1899  to  1904.  These  blocks  were  allowed  to  set 
in  air,  and  were  stored  in  a  dry,  cool  building  throughout  the  period  of 
the  tests,  which  were  made  after  periods  ranging  from  3  months  to 
5  years.  The  conditions  under  which  the  blocks  were  stored  would  be 
almost  identical  with  those  to  which  reinforced  concrete  work  in  build- 
ing construction  would  be  exposed,  and  these  tests,  therefore,  would 
give  results  more  in  harmony  with  actual  conditions  than  those  in 
which  the  blocks  were  immersed  in  water  or  kept  moist  in  sand  for  a 
number  of  months. 


10 

tests. 

after 

3  months, 

was 

1958 

lb. 

per 

sq 

16 

4 

2  244 

16 

1  year, 

3  330 

15 

2  years. 

2  610 

15 

3       " 

2  610 

10 

4       " 

2  960 

2 

5       " 

2  630 

Disregarding  the  3-month  and  4-month  tests,  the  average  of  58 
tests,  after  1  to  5  years,  was  2  870  lb.  per  sq.  in.  These  blocks  were  all 
made  of  1  part  Alpha  Portland  cement,  2  parts  sand  and  4  parts 
broken  trap  rock,  varying  in  size  in  the  different  specimens  from  ^  in. 
to  2*  in. 

It  will  be  noticed  that  the  2-,  3-,  4-,  and  5-year  tests  show  sub- 
stantial reductions  in  strength  from  the  1-year  tests,  and  the  records 
show,  also,  that  there  was  a  considerable  loss  of  weight,  varying  from 
A  lb.  to  2  lb.  in  each  block. 

There  will  undoubtedly  be  differences  of  opinion  as  to  what  fraction 
of  the  ultimate  strength  should  be  adopted  for  a  safe  working  stress. 
To  compensate  for  the  great  factor  of  ignorance  which  exists  in  the 
construction  of  concrete  and  reinforced  concrete  work,  there  should  be 
an  ample  margin  of  safety.  No  matter  what  care  may  be  taken  with 
the  sampling  and  storing  of  cement,  it  is  practically  impossible,  in  the' 
process  of  construction,  to  prevent,  not  only  some  of  the  material 
losing  its  strength,  but  also  to  obviate  defects  in  workmanship. 

It  has  been  considered  for  many  years  that  a  factor  of  safety  of 
from  10  to  20  should  be  used  in  masonry.  The  speaker  sees  no  reason, 
therefore,  why  a  greater  load  than  |  to  to  of  the  ultimate  strength  of 
laboratory  tests  on  concrete  cubes  should  be  used  in  practice  in  build- 
ing construction,  which  would  give  between  290  and  360  lb.  per  sq.  in. 
as  a  unit  stress. 

Professor  Burr  has  brought  up  the  question  as  to  whether  or  not 
the  Watortown  tests  quoted  by  the  speaker  were  all  made  under  uni- 
form conditions  and  with  the  same  brand  of  cement  and  other  ma- 
terials. As  far  as  can  be  learned  from  the  ofHciiil  reports  of  these 
tests.  Alpha  Portland  cement  was  used  throughout,  niid  the  same  quality 
of  sand  and  stone ;  moreover,  the  specimens  were  stored  under  the  same 
conditions,  throughout  the  years  during  which  the  tests  were  conducted. 
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H.  C.  Turner,  Assoc.  M.  Am.  See.  C.  E. — During  this  discussion,  Mr.  Turner, 
a  number  of  questions  have  been  raised  which  call  for  an  answer  by 
tliose  who   are   closely   identified   with   the  construction   of   reinforced 
concrete  buildings. 

In  answer  to  Mr.  Stern's  question  regarding  the  preservation  of  the 
steel  reinforcement  in  concrete  structures,  the  following  is  the  experi- 
ence of  the  Turner  Construction  Company  in  razing  a  one-story  build- 
ing, erected  for  the  J.  B.  King  Company,  at  New  Brighton,  Staten 
Island,  in  1902,  which  was  taken  down  during  the  summer  of  1907  to 
make  room  for  a  larger  structure :  The  building  had  reinforced  con- 
crete walls,  9  in.  in  thickness  to  grade  line  and  5  in.  in  thickness  from 
grade  line  to  roof  line,  reinforced  concrete  interior  columns,  11  in. 
square,  and  reinforced  concrete  beams,  girders  and  roof  slab.  The 
foundation  consisted  of  spruce  piling,  cut  off  at  mean  tide  and  capped 
with  reinforced  concrete.  All  steel  reinforcement  was  found  in  per- 
fect preservation  except  a  few  i-in.  hoops  in  the  wall  columns,  which 
were  within  ^  to  ^  in.  of  the  surface.  These  showed  slight  corrosion, 
which  would  indicate  that  it  is  important  to  secure  all  steel  reinforce- 
ment at  least  f  in.  from  the  exterior  surface.  The  steel  in  the  footings, 
although  alternately  wet  by  the  tide  each  day,  was  in  perfect  condition. 
In  some  cases  this  steel  was  within  |  in.  of  the  surface. 

Numerous  observations  of  a  similar  kind  have  been  made  by  engi- 
neers, and  it  is  now  generally  recognized  that  steel  reinforcement  is 
permanently  preserved  in  concrete  structures. 

It  seems  unfortunate  that  illustrations  of  standard  reinforced  con- 
crete work  have  not  been  shown,  rather  than  those  of  generally  defective 
work,  although  such  illustrations  are  valuable  in  indicating  the  charac- 
ter of  design  and  workmanship  to  be  avoided.  It  must  not  be  assumed, 
however,  that  they  are  typical  of  reinforced  concrete  construction. 
Much  excellent  work  is  being  done  in  New  York  City,  and  in  all 
cities  in  the  United  States.  Eight  and  ten-story  buildings  are  not 
unusual,  and  it  is  to  be  noted  that  these  buildings  have  proven  espe- 
cially adaptable  for  heavy  storage  or  heavy  manufacturing. 

As  Mr.  Miller  has  stated,  it  is  perhaps  more  difficult  to  secure  good 
workmanship  than  good  engineering  design.  This  is  a  matter  of  or- 
ganization. Good  workmanship  should  be  required,  and  undoubtedly 
can  be  furnished.  There  is  abundant  evidence  of  this,  and  good  work- 
manship costs  but  little  more  than  poor  workmanship.  It  is  necessary 
to  have  a  thorough  and  experienced  organization  of  workmen;  but  this 
is  just  as  true  in  any  line  of  successful  business. 

Regarding  safe  unit  stresses,  there  is  no  reason  for  a  factor  of 
safety  of  ten.  Reinforced  concrete  buildings  have  a  larger  factor  of 
safety  than  steel  buildings,  because  of  the  monolithic  character  of  the 
construction.  Concentrated  loads  are  distributed  over  larger  areas 
because  the  reinforcement  extends   in   both   directions.     Vibration   is 
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Mr.  Turner,  largely  reduced.  This  is  well  demonstrated  in  the  Ketterlinus  Build- 
ings, in  Philadelphia.  The  two  buildings  are  about  the  same  size,  8 
stories  in  height ;  one  has  a  steel  frame  with  hollow  tile  floors  and 
brick  walls;  the  other,  and  later,  building  has  reinforced  concrete 
columns,  beams,  girders  and  floors,  with  brick  veneer  walls.  Both 
buildings  are  used  for  printing  and  lithographing,  and  are  subjected 
to  practically  the  same  floor  and  machinery  loads.  The  vibration  in 
the  concrete  building  is  very  noticeably  less  than  in  the  steel-frame 
building,  in  fact,  it  can  hardly  be  detected. 

In  the  Robert  Gair  Company  Building,  in  Brooklyn,  there  is  a 
16-ton  embossing  machine  set  on  a  3  by  6-ft.  base  in  the  middle  of  a 
bay  on  the  seventh  floor.  No  deflection  has  occurred  in  the  beams, 
and,  when  the  machine  is  in  operation,  no  vibration  is  perceptible, 
although  the  working  loads  assumed  for  this  building  were  only  200 
lb.  per  sq.  ft. 

Answering  Mr.  Miller's  observations  on  the  value  of  unit  systems 
in  reinforced  concrete  construction,  the  chief  objection  to  them  at 
liresent  is  the  additional  cost,  which  must  be  paid  by  the  owners. 
T'nit  frames  may  relieve  the  architect  or  engineer  of  some  anxiety 
and  responsibility,  but  it  is  admitted  that  most  of  the  important  work 
in  the  United  States  has  been  done  with  the  loose-bar  system;  and, 
with  a  proper  organization,  loose  bars,  so-called,  can  be  placed  and 
secured  in  the  work  with  absolute  reliability.  The  owner  looks  for 
results,  and  should  certainly  be  entitled  to  the  difference  in  cost  be- 
tween buildings  constructed  with  loose-bar  systems  and  with  unit 
systems. 

E.  P.  Goodrich,  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Thacher's 
collation  of  the  opinions  of  engineers  concerning  the  effect  of  sea 
water  on  concrete  is  of  value.  The  trend  of  opinion  seems  to  be  that 
all  good  cement  when  well  manipulated  will  be  satisfactory,  irre- 
spective of  its  chemical  composition,  within  ordinary  limits.  This  is 
in  further  confirmation  of  some  experiments  instituted  by  the  writer, 
ii!  which  briquettes  of  all  the  cements  delivered  were  stored  in  sea 
water  and  tested  after  varying  periods.  The  chemical  composition  of 
the  cement  was  known,  in  each  instance,  and  varied  to  some  extent, 
but  no  effect  could  be  traced  to  differences  in  this  regard. 

Mr.  S.  E.  Thompson's  deductions  with  regard  to  spirally  reinforced 
columns  or  those  supplied  with  proper  bands  or  horizontal  ties  cannot 
he  gainsaid,  except  that  such  reinforcement  absolutely  prevents  any 
destructive  failure,  and  that  higher  working  stresses  may  safely  be 
allowed  on  such  columns  than  on  those  containing  little  or  no  such 
reinforcement,  in  which  case  dependence  must  be  placed  on  a  wide 
margin  of  stress  between  the  permissible  and  the  estimated  ultimate, 
to  cover  contingencies  of  workmanship. 

Professor  Burr's  comparison  between   the   present  knowledge   witli 
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r('fi;ar(l  to  the  iu-tnnl  cnrryiii^  capacities  of  steel  eolunins  and  those  of  Mr.  Goodrich, 
reinforced  eoncrete  is  interesting  and  reassuring  to  conservative  advo- 
cates of  the  hitter.  It  is  of  interest  to  note  that  the  reconmiendations 
of  the  French  Commission,  quoted  hy  Professor  Burr,  when  applied 
to  cubes  3  months  old,  as  mentioned  hy  Mr.  Stern,  afford  allowable 
stresses  varying  between  560  and  1  180  lb.,  according  to  the  kind  of 
reinforcement  used. 

Mr.  T.  K.  Thomson's  criticism  of  the  use  of  high  stresses  in  rein- 
forcement are  the  more  pertinent  from  the  fact  that  such  high  stresses 
are  always  accompanied  by  cracking  of  the  encasing  concrete,  with 
the  involved  likelihood  of  rust  and  of  becoming  a  source  of  incipient, 
failure  by  diagonal  tension.  The  reference  to  electrolytic  action  is  also 
of  considerable  value,  and  his  advocacy  of  mass  concrete  foundations 
is  made  on  strong  grounds. 

Mr.  Krellwitz  gives  an  example  of  the  relative  cost  of  concrete  and 
wood  in  an  exceptional  case,  but  it  only  goes  to  show  the  tendency, 
and  is  a  prophecy  of  future  uses. 

Mr.  Waite  gives  a  very  fair  comparison  between  the  costs  of  rein- 
forced concrete  and  steel  for  floors  and  columns,  and  of  concrete  and 
brick  for  walls.  It  is  only  through  a  knowledge  of  such  relations  that 
designs  can  be  economically  prepared  and  a  proper  selection  of 
nuiterials  made. 

The  compliments  accorded  American  practice  in  reinforced  con- 
crete by  many  foreign  engineers,  who  have  examined  it  and  expressed 
their  views  to  the  writer,  as  well  as  his  examination  of  a  large  number 
of  concrete  structures  in  Europe,  lead  him  to  dissent  from  Mr.  Slo- 
cum's  statements  with  regard  to  practice  in  America  and  abroad,  ex- 
cept that  the  writer  believes  that  few  American  engineers  pay  enough 
attention  to  the  details  of  construction  or  to  the  inspection  of  work, 
in  comparison  with  the  amount  of  time  spent  on  the  theoretical  design 
of  the  main  features.  Mr.  Slocum's  remarks  concerning  the  use  of 
old  rails,  of  making  simple  determinations  of  voids  in  aggregates,  and 
of  overloading  green  concrete  are  particularly  apt. 

Mr.  Falk's  candid  statement  of  some  of  the  ditfi(!ulties  encoun- 
tered in  concrete  work  could  very  well  be  brought  to  the  attention  of 
all  inexperienced  designers.  Too  many  architects  and  engineers  follow 
blindly  when  making  designs  and  specifications,  and  the  unsnsiM'ctiiig 
owner  pays  the  bill. 

Mr.  Miller's  advocacy  of  unit  systems  of  reinforcement,  and  of 
simple  reinforcement  designs,  is  sane  and  linicly. 

Mr.  Stern's  protest  against  the  popular  idea  tliat  concrete  work  can 
be  executed  with  entirely  unskilled  labor  is  well  t'(>unde<l,  and  tliat 
conception  shoidd  be  combatted  as  often  as  possible,  llis  further  con- 
tention, that  design  and  construction  should  ])e  in  the  hands  of  en- 
gineers,  caring  solely    fur    the   nwner's    interests,    is    also   sMniid.      Hi-; 


72  DISCUSSION  ON  THE  USE  OF  REINFORCED  CONCRETE 

Goodrich,  opinion,  that  working  stresses  of  only  i  or  to  of  the  ultimate  strength 
of  test  cubes  should  be  allowed,  is  believed  to  be  ultra-conservative,  in 
view  of  the  ease  with  which  much  higher  stresses  can  be  attained  with 
only  ordinary  precautions.  If  there  is  danger  of  improper  workman- 
ship, it  is  manifestly  unjust  to  saddle  the  owner  with  the  expense  of 
insurance  against  trouble  by  the  use  of  low  working  stresses.  Rather, 
the  contractor  should  be  made  to  bear  the  penalty  by  requiring  him  to 
test  his  work  at  an  early  age,  at  the  same  time  allowing  him  to  use 
attractive  imit  stresses  if  he  sees  fit. 

Mr.  Turner's  remarks  about  vibration,  and  his  experience  with 
regard  to  the  amount  of  cover  necessary  to  protect  steel  against  rust 
are  exceedingly  interesting.  His  advocacy  of  the  loose-bar  system 
would  have  been  more  convincing  if  he  had  given  instances  of  the 
comparative  cost  of  the  two  kinds.  The  writer  believes  that  almost 
every  owner  would  be  willing  to  pay  10%  more  for  his  reinforce- 
ment (or  perhaps  2%  more  for  his  building)  in  order  to  secure  the 
assurance  that  every  bar  is  in  its  right  place  and  is  of  proper  size. 

The  whole  subject  of  reinforced  concrete  is  still  so  new,  and  so 
much  missionary  work  is  still  necessary  to  put  it  on  an  absolutely 
sound  basis,  that  all  such  discussions  as  this  are  exceedingly  profitable. 
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The  recent  successful  completion  of  the  electrification  of  the  service 
of  the  New  York  Central  and  Hudson  River  Railroad  entering  the 
Grand  Central  Terminal,  New  York  City,  marks  such  an  important  step 
in  the  progress  of  the  art  of  transportation  that  a  paper  seems  at  this 
time  appropriate,  explaining  the  reasons  for  the  abandonment  of  steam, 
the  general  features  of  construction  and  operation,  and  the  results. 

Two  decades  have  passed  since  electricity  in  the  United  States  first 
commenced  its  important  career  in  the  field  of  lighter  traffic;  but  only 
within  the  past  few  months  has  it  fairly  met  its  steam  rival  in  heavy- 
traction  trunk-line  service. 

Reasons  for  Delay  in  Electrification  of  Trunk  Lines. — The  reason 
for  this  delay  is  not  far  to  seek.  The  steam  locomotive,  during  its 
lifetime  of  eighty  years,  has  been  developed  into  a  wonderfully  reli- 
able, efficient,  and  powerful  machine,  deep-seated  in  the  affections  of 
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the  railroad   world.     With  the  conservatism  naturally  born  of  these  . 
conditions  is  the  reluctance  of  stockholders  to  spend  vast  sums  for 
changes  of  unproven  financial  value. 

There  is  no  cause  for  surprise,  therefore,  that  electricity,  so  com- 
monly associated  in  the  mind  of  the  railroad  officer  with  light  street- 
car traffic,  has  not  been  seriously  considered  as  a  substitute  for  steam, 
until  special  problems  have  arisen  demanding  some  escape  from  the 
limitations  and  nuisances  incident  to  the  use  of  steam  locomotives. 

The  very  fact  that  steam  locomotives  have  grown  so  in  size  and 
power  makes  them  more  objectionable  as  emitters  of  increased  volumes 
of  noise,  smoke,  gas,  and  cinders. 

The  first  important  instance  of  the  use  of  electricity  on  a  large 
scale  was  in  utilizing  electric  locomotives  to  push  solid  trains,  with 
their  inactive  steam  locomotives,  through  the  Baltimore  Tunnel  of  the 
Baltimore  and  Ohio  Railroad.  In  this  instance,  electricity  was  adopted 
as  an  aid,  not  as  a  substitute  for  steam. 

Reasons  for  Electrification  of  New  York  Central. — As  early  as  1899, 
thought  was  given  to  the  use,  on  the  New  York  Central,  of  electricity 
for  curing  the  evils  at  the  entrance  to  the  Grand  Central  Terminal; 
but  it  was  not  until  1903  that  the  objectionable  atmospheric  conditions 
in  the  Park  Avenue  Tunnel,  and  the  congestion  of  traffic  at  the  termi- 
nal, precipitated  legislative  action  directing  the  complete  abandonment 
of  the  steam  locomotive  in  Park  Avenue  south  of  the  Harlem  River, 
within  a  period  of  five  years  terminating  July  1st,  1908. 

In  the  same  year  the  railroad  company  and  the  city  agreed  upon 
radical  changes  at  the  terminal,  which  were  possible  only  with  the 
abandonment  of  steam.  From  a  civic  standpoint,  the  most  important 
of  these  changes  is  the  depression  of  the  whole  terminal,  so  as  to 
permit  the  extension  of  highways  over  the  tracks  from  Forty-fifth  to 
Fifty-sixth  Streets,  inclusive,  and  the  continuation  of  Park  Avenue,  140 
ft.  wide,  within  the  same  limits,  thus  joining  two  sections  of  the  city 
hitherto  separated  for  three-quarters  of  a  mile  by  an  impassable  barrier 
of  railroad  yards  and  structures. 

Reasons  for  Extended  Scope  of  Electrification. — A  careful  analysis 
of  the  situation  soon  proved  the  absurdity  of  terminating  the  electric 
zone  at  or  near  the  Harlem  River. 

Immediately  north  of  that  point  is  Mott  Haven  Junction,  where 
the  line  splits,  one  leg  known  as  the  Tlarlorn  Division  eontii)uing  north 
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to  Chatham  on  the  Boston  and  Albany  Railroad,  and  the  other  consti- 
tuting the  main  line  of  the  Hudson  Division,  bearing  to  the  west  and 
north,  along  the  banks  of  the  Hudson  River,  to  Albany  and  beyond. 
At  Woodlawn  Junction,  on  the  Harlem  Division,  is  the  point  of  conflu- 
ence with  the  New  York,  New  Haven  and  Hartford  Railroad,  the  very 
large  passenger  traffic  of  which  flows  over  the  rails  of  the  New  York 
Central  to  and  from  the  Grand  Central  Terminal,  a  distance  of  12  miles. 

From  the  Grand  Central  Terminal  to  Woodlawn  Junction,  the 
Harlem  Division  is  four-tracked,  but  for  the  remainder  of  the  distance 
within  the  territory  under  discussion,  but  two  tracks  existed  for  hand- 
ling all  classes  of  traffic.  Similarly,  on  the  main  line,  from  the  junction 
at  Mott  Haven,  two  tracks  were  called  upon  to  transport  both  passenger 
and  freight  trains,  except  on  the  section  between  Spuyten  Duyvil  and 
Scarborough,  where  a  third  track  aided  to  some  extent. 

In  addition  to  the  extremely  heavy  through  passenger  train  service 
from  the  New  England,  northern  and  western  States  of  the  Union, 
and  Canada,  there  is  an  important  local  traffic  extending  as  far  out  as 
Harmon,  on  the  Hudson  Division,  a  distance  of  33  miles.  North  White 
Plains,  on  the  Harlem  Division,  a  distance  of  24  miles,  and  Stamford, 
on  the  New  Yoi'k,  New  Haven  and  Hartford  Railroad,  a  distance  of  34 
miles,  from  the  Grand  Central  Station. 

A  further  burden  on  the  four-track  stem  between  the,  terminal  and 
Mott  Haven  Junction  is  the  hauling  between  those  points  of  "dead" 
equipment,  because  of  inadequate  storage  space  at  the  station. 

From  this  recital  it  will  be  seen  that  a  termination  of  the  electric 
zone  at  the  Harlem  River,  or  at  Mott  Haven  Junction  just  above  the 
river,  would  entail  the  stoppage  and  change  of  motive  power  from 
steam  to  electricity  and  vice  versa,  of  all  kinds  of  traffic,  at  a  point 
peculiarly  subject  to  congestion.  Moreover,  the  physical  conditions  in 
the  neighborhood  precluded  the  construction  of  the  necessary  facilities 
for  the  storage  and  care  of  motive  power. 

Because  of  these  fundamental  objections,  and,  moreover,  guided  by 
the  broad-minded  policy  that  growth  of  traffic  responds  to  the  use  of 
electricity,  the  company  decided  to  extend  the  limits  of  the  electric 
zone  to  the  northerly  termini  of  the  suburban  territory,  at  Harmon 
and  North  White  Plains,  where  ample  space  is  available  for  loops, 
yard  tracks,  and  buildings.  The  geography  of  the  territory  is  shown 
on  Plat«>  VIT. 
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Reasons  for  Other  Improvements. — This  decision,  and  the  demands 
of  growing  traific  for  more  and  better  facilities,  led  to  the  adoption  of 
plans  for  a  new  Grand  Central  Station  with  two  track  levels;  the 
separation  of  track  grades  and  a  new  overhead  eight-track  station  at 
Afott  Tlaven  ;  the  elimination  of  all  grade,  street,  and  highway  crossings; 
the  "four-tracking"  of  both  divisions  as  far  as  the  termini;  many  new 
and  enlarged  passenger  and  freight  stations;  new  electric  automatic 
signals,  and  electric  interlocking  plants;  and  many  important  revisions 
of  alignment  and  grades. 

Reasons  for  Adopting  the  Direct-Current  System. — About  this  time 
the  battle  had  just  opened  in  the  United  States  between  the  two  rival 
systems  of  electricity — direct  and  alternating  current.  Of  course,  the 
advocates  of  each  argued  that  the  other  was  unsuited  to  New  York 
Central  conditions,  and  it  was  only  after  lengthy  and  thorough  consid- 
eration that  the  direct-current  system  was  selected. 

The  principal  reasons  for  this  conclusion,  apart  from  technical 
points,  may  be  summarized  as  insufficient  practical  development  of  the 
alternating-current  system  for  a  trunk-line  problem  requiring  absolute 
reliability  of  service,  restricted  clearances  which  forbade  the  use  of 
overhead  conductors,  and  legal  obstacles  to  the  use  of  overhead  trolley 
v.'ires  carrying  high  voltages  within  the  limits  of  the  City  of  New  York. 

Reasons  for  Not  Using  Alternating-Current  Equipment  on  a  Direct- 
Current  System. — Some  time  after  this  decision  had  been  made,  and 
apparatus  had  been  ordered,  the  company  was  urged  by  outside  inter- 
ests to  abandon  the  type  of  equipment  suited  exclusively  to  the  direct- 
current  system,  and  adopt  another  type  which  could  operate  on  both 
direct  and  alternating  currents.  It  was  claimed  that,  by  making  this 
change,  the  equipment  would  be  available  for  use  on  later  extensions 
of  the  electric  zone  where  there  were  no  physical  or  legal  objections 
to  the  use  of  alternating  current.  The  wisdom  of  adhering  to  the  type 
of  equipment  already  chosen  has  been  proven  by  recent  comparative 
tests  of  locomotives  of  the  two  types  under  exactly  the  same  conditions, 
which  demonstrate  that  the  one  designed  only  for  direct  current  con- 
sumes from  15  to  25%  less  current  than  the  one  intended  for  use  on 
both  systems.  This  will  effect  a  saving  to  the  company  of  at  least 
$140  000  per  annum.  If  to  this  item  is  added  the  economy  resulting 
from  less  locomotive  ton-miles  per  annum  because  of  the  lower  weights 
of  locojnotive  per  unit  of  capacity,  and  lower  wages,  fixed  cliarge?=i,  and 
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maintenance  of  equipment,  because  of  the  smaller  number  needed  to 
do  the  same  work,  the  total  saving  for  the  ultimate  electric  zone,  result- 
ing from  adherence  to  the  adopted  type  of  direct-current  locomotive, 
will  be  approximately  $300  000  per  annum. 

Jica.sons  fur  JJiip/icttlc  Puivrr-iSlalioiis  and  Transininaiuii,  Lines. — 
One  of  the  strongest  arguments  advanced  against  the  substitution  of 
electricity  for  the  well-tried  steam  locomotive,  for  the  movement  of 
the  most  important  passenger,  mail,  and  express  service  in  the  country, 
is  the  vulueriil)ility  of  power-stalions  and  distril)uting  systems  to  failures 
of  the  class  which  affect,  not  one,  but  all,  units.  To  overcome  this  well- 
f()und('(l  eriticisin.  two  cross-connected  power-stations  were  (lecidcd 
upon,  accessible  to  both  rail  and  boat  coal;  and  each  with  sufficient 
capacity,  utilizing  its  spare  unit,  and  working  "overload,"  to  carry  the 
entire  demand  of  the  service  at  the  rush  hours,  should  the  other  fail. 
It  was  considered  that  the  growing  familiarity  of  the  operating  force 
with  the  new  conditions,  and  the  elimination,  in  time,  of  unsuspected 
defects  of  installation,  would  later  make  the  surplus  capacity  available 
for  other  uses,  such  as  increased  demands  of  traffic,  the  movement  of 
freight  trains  by  electricity,  and  the  operation  of  the  terminals  of  the 
company  on  the  west  side  of  Manhattan  Island.  As  a  further  precau- 
tion, duplicate  transmission  lines  were  adopted  in  the  more  important 
portions  of  the  territory,  so  that  the  failure  of  one  would  still  leave 
the  other  effective  for  the  uninterrupted  movement  of  trains. 

Reasons  for  Storage  Batteries. — Even  with  these  two  safeguards, 
there  appeared  to  be  vulnerable  places,  where  accidents  might  put 
essential  features  of  the  service  out  of  commission,  and  to  overcome 
this,  as  well  as  to  make  suitable  regulation  of  violent  fluctuations  of 
load  on  the  i)ower-stations  and  sub-stations,  storage  batteries  were 
adopted  with  capacity  sufficient  to  tide  over  the  usual  maximum  periods 
of  interruption  of  current  supply,  that  experience  elsewhere  has  shown 
may  be  expected. 

Reasons  for  Comhined  Locomotive  and  Multiple-Unit  Practice. — 
While,  necessarily,  through  trains  with  cars  originating  at  far  distant 
points  must  be  hauled  by  electric  locomotives  within  the  electrified 
territory,  it  was  evident  from  the  start  that,  for  the  company  to  reap 
the  full  advantage  from  its  expenditures,  the  multiple-unit  type  of 
suburban  equipment  should  be  adopted  that  elsewhere  had  been  shown 
was  essential  for  the  propagation  of  traffic,  and  the  simplification  of 
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operation  in  congested  terminals.  By  dispensing  with  locomotives  in 
suburban  service,  and  equipping  the  individual  cars  with  electric 
motors  controlled  from  either  end  of  the  train,  it  becomes  possible  to 
meet  the  demand  of  the  public  for  less  interval  between  trains,  and  at 
the  same  time  regulate  the  cost  of  operation  to  the  volume  of  traffic  at 
various  periods  of  the  day.  The  absence  of  locomotives,  and  the  distri- 
bution of  power  among  the  cars  practically  eliminates  switching,  and 
movements  to  and  from  engine-houses,  with  a  resultant  great  reduction 
of  the  causes  that  congest  terminals.  A  twofold  character  of  equip- 
ment, therefore,  was  adopted — locomotives  for  through  trains,  and  mul- 
tiple-unit cars  for  the  passenger  service  confined  to  the  electric  zone. 

Awarding  First  Contracts. — With  all  the  foregoing  questions  settled, 
plans  and  specifications  were  actively  prepared,  and  contracts  awarded 
in  the  fall  of  1903  for  the  apparatus  requiring  the  longest  time  for 
delivery,  including  power-station  machinery  and  locomotives.  Later, 
arrangements  were  made  for  the  remaining  items  of  the  installation, 
either  by  contract  or  by  company  forces. 

General  Features  of  Construction. 

Principal  Elements  of  the  Installation.- — The  principal  elemoits  of 
the  installation  are  the  duplicate  power-stations  for  generating  3-phase, 
11  000-volt,  25-cycle  alternating  current ;  the  high-tension  transmission 
lines  for  distributing  this  current  to  the  sub-stations;  the  sub-stations 
for  transforming  and  converting  the  high-tension  alternating  current 
to  660-volt  direct  current,  and  for  the  storage  of  current  in  batteries; 
the  direct-current  transmission  lines  for  the  distribution  of  energy 
to  the  working  conductors;  the  third-rail  and  overhead  conductors  at 
special  places,  known  as  working  conductors,  for  the  delivery  of  the 
660-volt  current  to  the  contact  shoes  on  locomotives  and  cars;  the 
electrical  equipment ;  repair  shops  and  inspection  facilities ;  interchange 
terminals  for  electric  and  steam  power;  and  last,  but  not  least,  the 
building  up  of  an  operating  organization  to  make  all  this  intricate 
machinery  a  working  success. 

Foiver-Stations. — Each  powrr-slation  is  equipped  initially  with  six- 
teen water-tube,  625-h.p.  boilers,  with  superheaters  and  mechanical 
stokers,  and  four  5  000-k.w.  Curtis  turbo-generators,  together  with  the 
necessary  condensers,  pumps,  exciters,  feed-water  heaters,  and  appur- 
tenances.    Additional  space  is  provided  in  the  buildings,  for  a  later 
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Fig.  1.— Typical  Cross-Section  of  the  Port  Morris  Power  Station. 


Fig.  2,— Typical  Plan  of  Port  Morris  Tower  Station. 
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oxi»ansioii  of  capacity  to  tlic  extent  of  50%  of  the  initial  installation. 
It  will  thus  be  seen  that  each  station  has  a  present  normal  capacity  of 
approximately  28  000  h.p.  (20  000  k.w.),  with  provision  for  an  ultimate 
increase  to  approximately  42  000  h.p.  (;30  000  k.w.),  or  a  coml)iiie<l 
ultimate  normal  (•ai)acity  of  approximately  84  000  h.{).  (00  000  k.w.). 
The  two  stations  are  electrically  cross-connected,  so  that,  for  all  prac- 
tical purposes,  they  act  as  one. 

Both  power-stations  are  supplied  with  mcclianical  plants  for  trans- 
ferring coal  from  car  or  boat  to  overhead  bins,  each  station  having  a 
storage  capacity  of  3  500  tons,  equal  to  9  days'  supply  under  maximum 
conditions. 

A  pilot  switch-hoard  is  located  in  the  gallery  of  each  power-station, 
hut  the  important  control  ajiparatus,  including  oil-sw^itches,  is  placed 
in  a  separate  building,  so  that  serious  trouble  in  the  main  structure 
will  not  disable  or  injure  what  may  be  termed  the  brains  of  the  system. 

The  buildings  are  constructed  substantially,  of  concrete,  brick  and 
steel,  on  stable  foundations,  and  with  an  architectural  treatment  suited 
to  the  purposes  for  which  they  are  designed.  The  twin  stacks  at  each 
station  are  of  perforated  radial  brick,  have  an  average  internal  diam- 
eter of  16  ft.  3  in.,  and  rise  to  a  height  of  267  ft.  above  the  ground. 

A  noteworthy  fact  may  be  recorded  that  illustrates  one  of  the 
advantages  of  turbo-generators  in  the  economical  design  of  power- 
station  buildings.  The  capacity  required  at  the  Yonkers  station  is 
only  110  cu.  ft.,  and  that  at  the  Port  Morris  station  115  cu.  ft.  per 
lew.,  as  compared  with  from  170  to  255  cu.  ft.  at  the  more  important 
reciprocating-engine  plants  in  New  York  City. 

The  maximum  calculated  4-min.  peak  load  on  both  stations  is 
24  000  k.w.,  at  which  time  38  trains,  of  varying  speeds,  weighing  in  all 
9  800  tons,  are  assumed  to  be  in  motion.  The  annual  output  is  expected 
to  aggregate  121000  000  kw-hr.,  of  which  107  000  000  kw-hr.  are  for 
the  propulsion  load  and  the  remainder  for  lighting  and  other  purposes. 
These  figures  do  not  include  the  future  additional  requirements  for 
switching  at  various  yards,  the  movement  of  freight  trains,  and  the 
operation  of  labor-saving  devices  at  terminals. 

11  000-Volt  Transmission  Line. — The  11  000-volt  alternating  current 
from  the  power-stations  is  led  to  the  sub-stations  by  duplicate  systems 
of  insulated  copper  cables  in  ducts  within  the  populous  districts  of  the 
city;  and  by  bare  copper  cables  suspended  on  substantial  steel  poles  set 
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in  concrete  bases  in  the  less  densely  settled  districts.  This  arrange- 
ment was  adopted  only  after  an  exhaustive  investigation  of  line  con- 
struction throughout  the  country  had  proven  the  greater  safety  and 
reliability  of  well-built  aerial  wires,  where  the  population  is  sparse  and 
the  line  is  located  on  private  right  of  way. 

Where  the  cables  pass  from  one  type  of  construction  to  the  other, 
they  are  led  through  brick  towers  equipped  with  lightning  arresters. 

Owing  to  the  failure  of  the  city  to  grant  the  right  to  place  the 
cables  beneath  the  surface  of  neighboring  streets,  it  was  necessary  to 
locate  them  within  the  right-of-way  limits  of  the  company,  and  this 
required  many  varied  types  of  construction,  often  taxing  the  ingenuity 
of  the  engineers  to  place  the  conduit  pipes  where  they  would  be  safe 
from  injury.  A  few  of  these  conditions  are  illustrated  in  the  accom- 
panying photographs.  Altogether,  there  will  be  16  miles  of  conduit 
territory,  and  46  miles  of  pole  lines,  together  with  383  splicing 
chambers. 

Suh-slalions. — There  are  to  be  eight  sub-stations,  four  of  which 
are  now  in  operation.  Their  total  normal  rotary  capacity  will  be 
27  000  k.w. 

Each  station  contains  transformers  for  reducing  the  voltage  from 
11  000  volts  primary  to  450  volts  secondary,  and  rotary  converters  for 
changing  the  current  from  alternating  to  direct  at  660  volts.  Storage 
batteries,  "floating  on  the  line,"  are  also  provided,  to  regulate  the  sharp 
fluctuations  of  the  peculiarly  severe  short-period  demands  incident  to 
heavy  traction  service,  and  to  safeguard  the  continuity  of  traffic  should 
perchance  the  supply  of  current  be  interrupted  by  power-station  or 
distributing  failures.  This  insurance  of  reliability  of  service  has 
already  demonstrated  the  wisdom  of  its  adoption.  The  aggregate 
momentary  capacity  of  the  batteries  will  be  37  786  k.w.,  with  an  hourly 
capacity  of  12  595  k.w. 

660-VoU  Feeder  System. — The  660-volt  direct-current  system,  for 
conveying  energy  to  the  working  conductors,  consists  of  copper  cables 
protected  and  arranged  similarly  to  the  high-tension  lines  already 
described. 

Working  Conductors. — The  working  conductors  deliver  660-volt  cur- 
rent to  locomotives  and  cars.  Third-rail  is  used  at  all  points,  except 
where  intricate  switch  lay-outs  prohibit  a  continuous  conductor  near 
the  level  of  the  track.     At  such  places  overhead  conductors  arc  used 
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either  of  a  temporary  character  where  future  track  changes  are  con- 
templated, or  permanently  suspended  from  overhead  bridges  and  build- 
ings. The  adopted  type  of  third-rail  is  unique,  for  the  reason  that  the 
current  is  collected  from  beneath  instead  of  from  the  top.  This  permits 
the  sides  and  upper  parts  of  the  rail  to  be  sheathed  in  wood  or  other 
insulating  material  in  a  way  that  safeguards  employees  and  others  from 
accidental  contact,  and  protects  the  contact  surface  from  sleet  and 
snow  which,  with  the  usual  types  of  top-contact  rail,  so  frequently 
cause  tie-ups  of  traffic.  The  manner  of  construction  is  such  as  to 
secure  all  these  advantages,  without  encroachment  within  the  clearance 
lines  of  the  steam  equipment,  and  without  precluding  the  interchange 
of  electric  equipment  with  other  lines  already  using  the  top-contact 
type. 

At  frequent  intervals,  the  direct-current  cables  pass  through  small 
circuit-breaker  houses,  in  which  circuit-breakers  automatically  open 
and  interrupt  the  flow  of  current,  when,  because  of  accident  or  injury, 
there  is  an  improper  leak  in  the  third-rail  system  or  the  direct-current 
feeder  system.  This  safety  device,  therefore,  automatically  checks  the 
delivery  of  current  to  the  working  conductors,  when  a  continuation 
of  the  supply  might  be  disastrous.  The  circuit-breakers  are  controlled 
by  cables  connected  with  neighboring  sub-stations.  Numerous  other 
precautionary  measures  have  been  taken  for  shutting  off  power  promptly 
in  case  of  accident,  such  as,  for  instance,  continuous  indicator  wires 
for  each  of  the  four  tracks  in  the  Park  Avenue  Tunnel,  that  enable 
the  power  to  be  shut  off  immediately  on  any  desired  track. 

In  all,  there  will  be  52  miles  of  territory,  embracing  285  miles  of 
track  equipped  with  third-rail,  of  which  more  than  one-third  is  com- 
pleted and  in  use. 

Track  Bonds. — The  bonding  of  the  track  rails  for  the  return  cur- 
rent was  a  task  of  considerable  proportions,  because  of  the  intimate 
relation  of  the  work  to  traffic.  Several  ingenious  devices  were  used  in 
expediting  the  drilling  of  rails  and  placing  the  bonds.  The  concealed 
type  of  bond  was  used  as  a  protection  against  the  thefts  that  embarrass 
traffic  and  entail  pecuniary  loss,  and  to  obviate  injury  by  trackmen. 

Electrical  Equipment. — The  electrical  equipment  now  in  use  com- 
prises 35  locomotives  and  180  suburban  cars.  Of  the  cars,  125  are 
equipped  with  motors.  The  remainder,  for  the  present,  act  as  trailers, 
although  motors  will  be  added  when  the  electrical  service  is  extended 
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I  he  full  distance  to  Harmon  and  North  White  Plains.  The  aggregate 
normal  rating  of  both  classes  of  equipment  is  127  000  h.p. 

Locomotives. — The  locomotive  is  a  peculiarly  efficient  and  powerful 
machine.  Although  weighing  94.5  tons,  complete,  as  compared  with 
the  471-ton  weight  of  the  heaviest  steam  passenger  locomotives  in  use 
hy  the  company,  its  normal  rating  of  2  200  h.p.  is  practically  twice  that 
of  its  rival;  it  has  76J  tons  less  weight  to  haul  about,  thus  effecting  a 
saving  of  45%  for  energy  in  moving  dead  tonnage;  its  concentrated 
weight  per  driving  axle,  34  250  lb.,  is  27%  less  than  that  of  the  steam 
locomotive,  without  decreasing  the  total  driver  weight  available  for 
traction;  it  is  capable  of  running  at  will  in  either  direction,  without 
the  delays  and  expense  of  going  to  the  turn-table;  it  occupies  little 
more  than  half  the  track  space  of  the  steam  locomotive — an  important 
advantage  in  terminals — and  it  is  much  more  quickly  started  and 
stopped.  These  advantages  have  been  demonstrated  strikingly  in  prac- 
tice, both  in  comparative  trials  on  the  6-mile  experimental  track  near 
Schenectady,  where  all  the  new  equipment  was  tested  exhaustively 
before  acceptance,  and  in  regular  service  in  the  New  York  zone. 

The  principal  chai'acteristics  of  the  locomotive  are : 

Length  over  all 

Rigid    wheel    base 

Total  wheel  base 

Diameter  of  drivers 

Diameter  of  truck  wheels 

Total  weight 

Weight  on  four  drivers 

Weight  on  two  trucks 

liorse-power  per  ton  of  weight — normal  capacity.  . .  . 
liorse-power  per  ton  of  weight — overload  capacity.  . 

Number  of  motors 

Normal  capacity  of  each  motor 550  h.p. 

Normal  capacity  of  each  locomotive 2  200     " 

Over-load  capacity  of  each  locomotive 3  300     " 

Type  of  motors .* Gearless,  bi-polar. 

Type  of  control Sprague-General  Electric  multiple-unit. 

Type  of  heaters  for  train  supply Westinghouse    oil-fired. 

Air  brakes Westinghouse  graduated-release. 
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Cars. — The  suburban  cars  are  constructed  of  steel  and  other  non- 
inflammable  material,  and,  while  simple  in  design,  have  all  the  features 
conducive  to  the  safety  and  comfort  of  the  public.  Their  leading  char- 
acteristics are  as  follows: 

Length,  over  all 62  ft. 

Length  of  car  body 

Distance  between   truck  centers 

Distance  between  axles  of  motor  trucks 

Distance  between  axles  of  trailer  trucks 

Diameter  of  wheels — motor  trucks 

Diameter  of  wheels — trailer  trucks 

Number  of  motors  on  each  motor  truck 2 

Normal  capacity  of  each  motor 200  h.p. 

Normal  capacity  of  motor  car 400    " 

Total  weight  of  motor  car 53     tons. 

Total  weight  of  trailer  car 44 J      " 

Total  weight  of  car  body 33*      " 

Weight  per  motor  car,  due  to  electrical  equipment.  ...         Si      " 
Horse-power   (normal  capacity)   per  ton  of  weight  of 

electrical   equipment 47 

Seating  capacity 04 

Heating  system Both  steam  and  electric. 

Lighting  system Both  electric  and  Pintsch  gas. 

Cooling  system  for  summer  season Two  14-in.  electric  fans. 

Type  of  control Sprague-General  Electric  multiple-unit. 

Acceleration,  in  miles  per  hour  per  second 1.2 

Comparative  Train  Weights. — The  comparative  weights  of  steam 
and  electric  trains  in  the  two  classes  of  service,  through  and  suburban, 
are  interesting,  as  illustrative  of  the  saving  in  consumption  of  energy, 
and  therefore  in  cost  of  operation,  that  accompanies  the  lower  electric 
train  weights;  and,  also,  as  justifying  the  adoption  of  the  multiple-unit 
instead  of  locomotive  practice  for  suburban  operation. 

Tiiuouoiii  Servk  K. 
Steam.  Electric. 

Tons.  Tons. 

Pacific  type  locomotive.  .     171.0  Electric  locomotive 94.5 

8  Pullman   cars 400.0  8   Pullman  cars 400.0 


Total 571.0  Total 494.1 

Saving  in  favor  of  electric  traction  ■=-  761  tons  =  13  per  cent. 
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Suburban    Service. 

Average  Number  of  Cars. 

Electric   Locomotive.  ^rultiplo-T^nit  Oars. 

Tons.  Tons. 

Locomotive    94.5 

4i  steel  trailer  cars 200.0  4i  motor  cars 238.5 


Total 294.5  Total 238.5 

Saving  in  favor  of  niultiple-nnit  practice  =  56  tons  =  19  per  cent. 

Shops  and  Inspection  Sheds. — The  maintenance  of  electrical  equip- 
ment in  a  high  degree  of  efficiency  requires  suitable  repair  shops  and 
inspection  sheds,  located  where  the  dead  mileage  will  be  reduced  to  a 
minimum.  At  both  Harmon  and  North  White  Plains  permanent  in- 
spection sheds  have  been  built,  and  at  the  former  point  ample  modern 
shop  facilities  are  provided.  As  the  equipment  on  both  divisions  is 
pooled,  any  car  or  locomotive  needing  repairs  can  be  sent  while  in 
regular  service  to  either  place,  without  the  expense  and  loss  of  time 
incident  to  special  dead  movements. 

Interchange  Terminals.- — At  North  White  Plains,  the  existing  steam 
engine-house  plant  is  to  be  enlarged  when  the  extension  of  electric 
operation  requires  added  facilities  for  the  interchange  of  power.  At 
Harmon,  space  has  been  provided  for  ample  facilities  for  the  same 
purpose.  Owing  to  the  present  curtailment  of  electric  operation  because 
of  the  backwardness  of  the  State  in  acting  on  the  abolition  of  grade 
crossings  north  of  the  limits  of  the  City  of  New  York,  temporary 
terminals  have  been  constructed,  at  High  Bridge  on  the  Hudson 
Division  and  at  Wakefield  on  the  Harlem  Division,  with  convenient 
yard  arrangements  and  structures  for  the  care  and  exchange  of  power. 

Operating  Organization  of  Electrical  Department. — The  success  of 
a  new  plant  of  such  magnitude,  especially  when  a  change  from  old  to 
new  conditions  must  be  effected  without  embarrassing  an  enormous 
passenger  traffic,  depends  very  largely  on  the  organization  and  per- 
sonnel of  the  electrical  operating  force.  It  was  recognized,  at  an  early 
stage  of  the  work,  that  the  operation  and  maintenance  of  the  entire 
installation  required  to  deliver  current  to  equipment,  as  well  as  the 
maintenance  of  locomotives  and  cars,  should  be  under  the  supervision 
of  those  responsible  for  their  construction,  leaving  to  the  regular  steam 
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organization  the  operation  of  trains  with  electric  current  and  equip- 
ment thus  furnished. 

As  the  work  on  the  power-stations,  distrihuting  system,  and  equip- 
ment progressed,  competent  men  were  gradually  employed  for  inspec- 
tion and  testing  purposes,  so  that,  when  all  was  ready  for  regular 
operation,  there  was  in  existence  a  skilled,  energetic  corps  of  veterans, 
equal  to  any  emergency,  and  imbued  with  a  spirit  that  meant  success. 

Telephone  System. — A  word  should  here  be  spoken  of  the  independ- 
ent telephone  system  which  has  been  constructed  for  the  purpose  of 
bringing  all  parts  of  the  electric  zone  in  close  touch  with  each  other 
and  with  the  load  and  train  dispatchers. 

Other  Improvements. — While  the  principal  purpose  of  this  paper 
is  to  give  an  outline  of  the  elements  of  the  electrification  of  the  New 
York  Central  suburban  zone,  it  would  be  incomplete  without  at  least  a 
passing  mention  of  the  other  important  improvements  undertaken  in 
conjunction  with  the  change  of  motive  power. 

Grand  Central  Terminal. — Within  the  territory  bounded  by  Forty- 
second  Street,  Fifty-seventh  Street,  Madison  Avenue  and  Lexington 
Avenue,  the  old  Grand  Central  Terminal  occupied  a  parcel  of  irregular 
shape,  with  an  area  of  about  23  acres.  The  four  main  tracks  from  the 
north  descend  on  grades  of  from  26  to  53  ft.  per  mile  to  the  south  end 
cf  the  Park  Avenue  Tunnel  at  Fifty-sixth  Street;  thence  they  ascend 
at  the  rate  of  62  ft.  per  mile  in  an  open  cut  in  the  middle  of  Park 
Avenue  to  Fiftieth  Street;  thence  spreading  out  into  the  yard,  on  a 
slight  descent  to  Forty-fifth  Street;  and  thence  on  a  gentle  declivity 
to  the  terminal  in  the  train-shed  near  Forty-third  Street.  The  vital 
defect  of  this  arrangement  was  the  absence  of  switching  tracks  for 
drilling  the  yard,  north  of  Fiftieth  Street,  which  necessitated  the  use 
of  two  of  the  main  tracks  for  that  purpose.  Consequently,  the  entrance 
to  the  terminal  really  consisted  of  but  two  main  tracks  for  the  accom- 
modation of  the  trafiic  pouring  to  and  from  a  four-track  line.  To 
increase  the  congestion,  one  of  these  tracks,  assigned  to  drilling  ser- 
vice, had  also  to  be  used  for  the  storage  of  steam  locomotives  at  rush 
hours  of  the  day. 

By  the  use  of  electricity,  it  became  possible  to  depress  the  roadbed 
south  of  the  low  point  at  Fifty-sixth  Street,  so  as  to  pass  beneath  the 
surface  of  Park  Avenue  on  either  side  of  the  railroad,  and  thus  permit 
the  utilization  of  the  full  wi<llli  of  the  avenue,  140  ft.,  without  affecting 
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its  use  by  the  public.  This  gave  space  for  ten  instead  of  four  tracks 
from  Fifty-sixth  to  Fiftieth  Streets,  of  which  four  are  for  a  legitimate 
main-line  entrance  to  the  enlarged  upper  yard,  two  are  for  drilling  the 
yard,  and  two  on  each  side,  or  four  in  all,  are  for  ingress  and  egress 
to  the  lower-level  suburban  station.  The  vipper  level  for  through  trains 
will  have  stub  tracks,  while  the  lower  level  will  have  a  douLle-tracU 
loop  at  the  south  end  near  Forty-third  Street. 

The  depression  also  admits  of  the  extension  of  Park  Avenue,  for 
its  full  width,  south  from  Fiftieth  to  Forty-fifth  Streets  over  the  tracks 
of  the  yard,  and  the  connection  by  east  and  west  viaducts  of  the  ends 
of  streets  from  Forty-fifth  to  Fifty-sixth  Streets,  inclusive,  now  sepa- 
rated by  the  terminal. 

To  the  23  acres  in  the  old  terminal  has  been  added  by  purchase  17 
acres,  making  a  total  area  of  40  acres.  With  the  24  acres  obtained 
by  excavating  for  the  suburban  station,  there  will  be  a  total  area  in  the 
new  terminal,  when  completed,  of  more  than  64  acres.  This  is  equal 
to  an  increase  over  the  present  space  of  178  per  cent. 

These  radical  changes  make  necessary  the  tearing  down  of  the  old 
station  and  train-shed,  originally  built  in  1871  and  enlarged  in  1898 
and  1900;  and  the  substitution  of  a  much  larger  and  handsomer  struc- 
ture, suited  to  the  new  motive  power  and  more  adequate  for  the  proper 
handling  of  a  rapidly  increasing  traffic. 

It  should  here  be  added  that  electricity  brings  with  it  an  unexpected 
boon  in  the  permissible  use  of  overhead  spaces  termed  "air  rights,'' 
that  is  denied  with  steam  traction.  A  vast  area  in  the  heart  of  the 
greatest  city  on  the  continent  is  thus  reclaimed  for  use  as  desired  for 
various  revenue-producing  purposes.  In  time,  this  feature  will  add 
very  largely  to  the  company's  assets. 

An  idea  of  the  difficulties  of  construction,  due  to  the  nature  of  the 
underlying  material — solid  rock — and  the  necessity  of  subordinating 
all  efforts  to  the  safe  and  uninterrupted  movement  of  an  exacting  and 
constantly  increasing  train  service,  is  illustrated  in  the  accompanying 
photographs. 

The  magnitude  of  the  new  terminal,  which  has  thus  to  be  built 
while  trains  and  passengers  pour  in  and  out,  is  evident  from  the  quan- 
tities of  material  involved.  After  being  loaded  on  cars,  ">  000  000  cu.  yd. 
of  rock  and  earth  are  dispatched,  at  times  when  the  passenger  service 
will    permit,   to   the    Hudson    Division,    fur    Imililiiijj    nddilioiial    nuiin 
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tnicUs.  Jn  the  construction  of  retaining  walls,  suburban  stations,  via- 
ducts, subways,  and  tunnels,  100  000  tons  of  steel  and  260  000  cu.  y.l. 
of  concrete  are  used,  in  addition  to  numerous  other  materials. 

The  final  result  will  be  an  electrically  operated  station  and  yard 
with  quadruple  the  capacity  of  the  old  one,  and  with  many  appurte- 
nances for  usefulness  and  profit,  tliat  are  additional  to  the  parent 
purpose  of  a  railroad  terminal. 

Bronx  Improvement. — At  Mott  Haven  Junction,  in  the  Borough  of 
the  Bronx,  5.3  miles  from  the  Grand  Central  Terminal,  two  four-track 
lines,  making  eight  tracks  in  all,  merge  into  the  single  four-track  stem 
that  leads  to  the  terminal.  With  increased  frequency  of  train  service, 
the  grade  intersections  at  such  an  important  junction  are  inadmissible 
on  the  grounds  of  safety  and  non-delay  to  traffic.  Therefore,  plans 
have  been  adopted  and  work  commenced  on  the  raising  and  lowering 
of  tracks  by  means  of  viaducts  and  tunnels,  so  as  to  effect  trailing 
junctions  free  from  grade  crossings. 

The  points  of  junction  are  to  be  moved  south  about  three-qviarters 
of  a  mile,  to  the  vicinity  of  the  Harlem  River;  and,  near  the  present 
connection,  on  One  Hundred  and  Forty-ninth  Street,  a  new  large  over- 
head station  is  to  be  built,  with  eight  main  tracks.  This  will  permit 
the  altandonment  of  the  old  station  at  One  Hundred  and  Thirty-eighth 
Street,  and  remove  another  of  the  causes  for  congestion  on  the  four- 
track  entrance  to  the  Grand  Central  Terminal.  Moroovcr,  tliis  new 
station  will  serve  the  rapidly  growing  population  in  the  ]^>i'on.\,  wliich 
is  fast  approaching  the  half -million  mark. 

Eliminalion  of  Grade  Crossings'. — ^At  the  time  of  the  decision  to 
proceed  with  electric  zone  improvements,  there  were,  within  that  terri- 
tory, forty-four  street  and  highway  grade  crossings,  the  abolition  of 
which  was  deemed  precedent  to  the  commencement  of  electric  opera- 
tion. Of  these,  one-half  were  located  within  the  city  limits  of  New 
York,  and  these,  by  agreement  with  the  City,  have  since  been  carried 
over  the  tracks.  None  of  the  remainder  has  yet  been  completed,  owing 
to  the  delay  of  the  State  authorities  to  make  effective  the  provisions  of 
the  statute  governing  grade  crossings,  and  also  owing  to  difficulties  in 
acquiring  the  necessary  additional  right  of  way.  However,  due  to  the 
energetic  action  of  the  new  Public  Service  Commission,  decisions  on 
many  of  the  crossings  have  been  reached;  and  the  remainder  are 
expected   soon.      The   majority   of   these    eliminations    require    either 
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changes  of  the  line  of  the  railroad  for  considerable  distances,  as  for 
instance  at  Mount  Vernon  and  White  Plains,  or  the  lifting  of  the 
grade  of  the  tracks  so  that  the  streets  may  pass  under,  as  at  Yonkers 
and  Tarrytown. 

Local  Improvements. — The  elimination  of  grade  crossings  north  of 
New  York  City,  and  the  growth  of  business,  make  obligatory  many 
extensive  and  costly  local  improvements,  with  new  passenger  and 
freight  stations  and  yards.  The  more  important  ones  are  at  Yonkers, 
Hastings,  Tarrytown,  Ossining,  and  Harmon,  on  the  Hudson  Division ; 
and  at  Mount  Vernon,  Bronxville,  Tuckahoe,  and  White  Plains,  on 
the  Harlem  Division.  Features  of  the  design  of  these  new  stations 
are  the  avoidance,  by  means  of  subways  and  overhead  bridges,  of  all 
grade  crossings  of  tracks  by  passengers;  and  the  placing  of  the  tops 
of  the  local  platforms  on  a  level  with  the  car  floor. 

Four-Tracking  and  Loops.— The  anticipated  increase  in  freqiiency 
of  train  service  with  electric  traction,  and  the  urgent  necessity  of 
removing  causes  of  congestion  in  this  important  entrance  to  New  York 
City,  make  mandatory  the  construction  of  additional  main  tracks,  so 
that  there  will  be  separate  tracks  in  each  direction  for  high-  and  slow- 
speed  service;  and,  where  possible,  additional  tracks  for  the  exclusive 
movement  of  freight. 

In  line  with  this  policy,  new  main  tracks  are  under  construction 
within  the  suburban  zone,  in  conjunction  with  the  elimination  of  grade 
crossings  and  improvement  of  local  facilities.  The  four  tracks  on  the 
Harlem  Division  are  being  extended  from  Woodlawn  Junction  to  North 
White  Plains,  with  long  middle  sidings  at  frequent  intervals,  for  the 
passage  of  passenger  trains  around  freights.  The  double  and  triple 
main  tracks  on  the  Hudson  Division,  as  far  out  as  Harmon,  are  being 
increased  to  four,  and,  at  some  places,  as  for  instance  between  Spuyten 
Duyvil  and  Yonkers,  two  additional  tracks  have  been  provided  for  the 
exclusive  use  of  freight  trains.  As  on  the  Harlem  Division,  middle 
tracks  are  being  built,  where  needed,  for  keeping  freight  trains  nut  of 
the  way  of  the  passenger  service. 

At  Harmon  and  North  White  Plains,  loops  are  to  be  built,  for  the 
turning  of  suburban  trains  without  crossing  the  express  traffic  at  grade. 
It  will  be  noted  that,  with  loops  at  all  three  termini,  and  the  freedom 
from  grade  crossings  at  Mott  Haven  Junction,  opportunity  is  given  for 
a  constant  flow  of  traffic  with  an  absence  of  the  usual  obstructions  that 
eause  congestion. 
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Fig.  3.— Electric  Locomotive. 
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Fia.  4.— Bi-POLAR  Gearless  Motor. 
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Increased  Capacity  of  Entrance  to  Grand  Central  Terminal. — From 
(he  fact  that  two  four-track  lines  feed  into  a  single  four-track  stem 
from  Mott  Haven  Junction  to  the  terminal,  the  question  naturally 
arises  as  to  what  solution  the  future  holds  for  this  restriction  on 
growth  of  traffic.  The  present  plans  of  the  terminal  provide  for  n 
future  four-track  cross-town  tunnel  connection  with  the  West  Side 
line  of  the  Company,  over  which  the  Hudson  Division  can  then  enter 
the  terminal  without  burdening  the  Harlem  Division  tracks.  This, 
when  built,  will  afford  to  the  terminal  an  eight-track  entrance  con- 
nected with  both  train  levels. 

Improvements  in  Alignment  and  Grades. — In  conjunction  with 
these  radical  changes  in  the  physical  condition  of  the  property,  it  has 
been  considered  wise  to  make  at  the  same  time  other  desirable  changes 
tliat  could  not  be  accomplished  later  without  undue  extra  cost.  At 
many  places,  on  both  divisions,  alignment  and  grades  have  had  careful 
study,  and  alterations  have  been  approved  which  will  result  in  material 
saving  in  rise  and  fall,  and  in  curvature.  Many  have  been  completed, 
and  others  have  been  deferred,  awaiting  the  acquisition  of  right  of  way 
and  the  settlement  of  legal  questions.  Among  those  still  in  embryo  is 
the  improvement  between  Croton  and  Peekskill,  more  than  8  miles  in 
length,  which  when  completed  will  admit  of  a  still  further  extension  of 
electric  operation. 

The  advantages  to  be  gained  by  the  principal  changes  of  alignment 
are  as  follows: 

Saving  in  Savins:  in 

Distance.  Curvature. 

Marble    Hill    cut-off,    including    Spuyten 

Duyvil   Tunnel  cut-off 3  944  ft.  137° 

Croton    to    Peekskill 4  P,38    "  333° 

Rpuyten  Duyvil  to  IMt.  St.  Vincent 9    "  24° 

Irvinglon    cut-off 50"  65° 

Totals 8  341    "  559° 

Signals  and  Interloclcing. — Under  tlie  old  order  of  affairs,  traffic  on 
the  Hudson  Division  from  the  north  ran  right-handed  to  Spuyten 
Duyvil,  where  it  was  transposed  to  left-handed  operation  so  as  to 
harmonize  with  the  left-handed  practice  on  the  Harlem  Division.  The 
design  of  the  new  Grand  Central  Terminal  and  a  possible  future  eon- 
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Fig.  5.— Train  Braking  Chart— Distance. 


SL^crmGLocomonrsA  BCjkr  T^jum-Total  trT.2ra.S9  Tons. 


»f>*n  ^pp/^et/  fo3r>u  ^f^'en  /oc^/on.Corves^'^p/offedffrsnt^ 
9>^^ra^  of^  number  at  runs. 


Fig.  6— Train  Braking  Chart— Time. 
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ncctioii  with  the  city  subway  system,  as  well  as  the  desirability  of 
avoiding  the  grade  crossing  at  Spuyten  Duyvil,  led  to  the  decision  to 
make  the  right-handed  system  of  operation  uniform  throughout  the 
suburban  zone.  In  considering  the  effect  of  this  reversal  of  traffic 
on  the  existing  signals  and  interlocking  plants,  it  was  also  realized 
that  the  controlled-manual  system  in  use  on  a  large  portion  of  the 
territory  was  insufficiently  elastic  for  the  quick  handling  of  a  frequent 
electric  train  service  on  four  or  more  tracks.  Accompanying  these 
traffic  reasons  for  radical  changes  in  the  old  signals  and  interlockings 
was  the  equally  important  fact  that  the  use  of  track  rails  for  return 
propulsion  current  to  the  power-stations  completely  deranged  the 
signal  circuits.  Then,  too,  the  many  additions  and  changes  to  tracks 
made  imperative  the  abandonment  of  the  larger  part  of  the  old  plants. 

All  these  causes  led  to  the  adoption  of  new  electric  automatic  sig- 
nals and  electric  interlocking  plants  for  the  entire  zone,  the  predomi- 
nant feature  of  which  is  the  reactance  bond,  which  permits  the  free 
passage  of  propulsion  current  through  the  track  rails,  but,  where  de- 
sired, stops  the  passage  of  the  alternating  signal  current  circuit. 

Fences. — One  of  the  worst  evils  with  which  American  railroads 
have  to  contend  is  trespass.  Right  of  way  and  tracks  are  considered 
public  highways,  and  the  petty  courts  refuse  or  neglect  to  impose 
adequate  punishment  on  those  who  thus  risk  their  lives  in  dangerous 
places.  This  freedom  of  use  of  the  railroad's  property  also  leads  to 
thieving  which,  in  the  aggregate,  causes  large  losses  to  the  company. 
The  change  to  electric  traction  by  no  means  minimizes  these  evils. 
More  frequent  trains,  and  the  presence  of  electricity,  increase  the  risks, 
while  copper  cables  and  bonds  attract  the  thief.  To  guard  against  these 
increased  dangers,  the  entire  electric  zone  is  to  be  enclosed  with  luan- 
and  boy-proof  fences.  The  portion  within  the  settled  districts  consists 
of  iron  pickets  and  concrete  posts  of  a  pleasing  design. 

Chronology. — Following  the  placing  of  orders  in  the  fall  of  1903, 
work  was  pushed  energetically  on  all  items  of  construction  required 
for  the  operation  of  the  initial  electric  zone  south  of  Wakefield  and 
High  Bridge.  It  should  be  borne  in  mind  that  the  larger  part  of  the 
work  had  to  be  performed  on  or  about  tracks  congested  vs^ith  traffic, 
which  entailed  danger  to  employees,  delay  to  many  parts  of  the  work, 
and  expense.  It  is  a  pleasure  to  record,  however,  that  not  an  accident 
occurred  to  regular  train  service,  nor,  with  a  few  minor  exceptions,  any 
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Fig.  2.— After. 

Co.sTRAST   Between  the  Smoke  Conditions,  as  They  Existed  at  the  Grand  Central 

Terminal  in  1906.  and  the  Absence  of  Smoke  in  the  New  Terminal, 

Due  to  the  Use  of  Electricity. 


Kijoc'i'iiii'ic A  rioN,  sri:i  i;ii.\N  /.om;,  \.  \.  c.  \  Ji.  u.  u.  i;.         \)!j 

delay  lu  Irallic,  duo  lo  construction.     Such  accidents  and  delays  as  did 
occur  were  from  other  causes. 

The  following  dates  mark  the  progress  of  the  electrical  features: 

Initial  informal  test  of  first  electric  loco- 
motive    October       27tli,  V.H)L 

Fir^t  formal  test  of  electric  locomotive.  ..  .  November    li^tli,  1UU4. 

port  .Morris  i'ower-Station : 

Commencement    May             15lh,  1!>01. 

First   current July                1st,  1!J06. 

Transmission  Lines : 

Commencement   February    17th,  1905. 

Ready  for  service September  30th,  1906. 

Sub-stations : 

Commencement    J  uly               6th,  1905. 

Ready  for   service September  30th,  1906. 

Working  Conductors : 

Commencement   January         2d,  19U6. 

Ready  for  service December  11th,  1906. 

Electrical  Equipment : 

First  operated  in  New  York  City...  July            20lh,  1906. 
First  train   into   Grand   Central   Ter- 
minal      September  3Uth,  1906. 

Electrical  Operation : 

First  schedule  multiple-unit  train.  ..  .  December    11th,  1906. 

First  schedule   electric  locomotive.  ...  February    13th,  1907. 

First  regular  shop  train April           14th,  1907. 

Completion  of  change  of  motive  power: 

Schedule   trains July               1st,  1907. 

Reversal  of  traffic August       25th,  1907. 

Because  of  the  burdensome  conditions  of  traffic,  and  complicated 
changes  in  the  signal  and  interlocking  systems,  about  6  months  were 
thus  consumed  in  making  the  change  of  motive  power  complete,  after 
the  first  schedule  train  was  operated. 
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Initial  Zone  Operation. — As  previously  stated,  the  company  was 
forced  to  confine  temporarily  the  change  of  motive  power  to  the  opera- 
tion of  the  suburban  zone  terminating  at  High  Bridge,  7  miles  out; 
and  at  Wakefield,  13  miles  from  the  terminal.  This  postpones  for 
two  or  three  years  the  extension  of  electrical  service  to  the  northerly 
termini  of  the  suburban  zone.  In  the  meantime,  the  power  on  through 
trains  is  changed  at  the  temporary  termini.  At  the  same  points,  mul- 
tiple-unit trains  north-bound  have  steam  locomotives  attached  and 
thence  proceed  as  non-electric  trains;  and  south-bound  the  steam 
locomotives  are  detached  and  the  trains  continue  by  electricity  without 
locomotives.  The  average  time  required  for  making  the  changes, 
including  that  lost  in  slowing  down  and  regaining  speed  is  as  follows: 

Through  trains  with  locomotives 4^  min. 

Multiple-unit  trains,  north-bound 3       " 

Multiple-unit  trains,  south-bound 2^     " 

On  the  Hudson  Division  this  delay  has  been  largely  compensated 
by  shortening  the  line  at  Marble  Hill  and  the  elimination  of  grade 
track  crossing  at  Spuyten  Duyvil. 

Results. 

Expectations  from  Electrification. — Now  that  the  change  of  motive 
power  in  the  initial  electric  zone  has  been  completed  for  sufficient  time 
to  gain  at  least  a  preliminary  idea  of  the  results,  the  question  naturally 
arises,  with  what  success  has  the  change  met  expectations? 

It  has  already  been  explained  that  the  principal  reasons  for  under- 
taking the  work  were  twofold : 

(1). — Demand  of  the  public  for  the  abolition  of  the  nuisances 
incident  to  the  use.  of  steam  locomotives  south  of  the 
Harlem  River;  and 

(2). — Need  for  increased  capacity  of  the  terminal,  by  the  elimi- 
nation of  a  large  proportion  of  the  switching  movements 
required  with  steam  locomotive  practice;  and  relief  to 
the  main  line  entrance  to  the  terminal  by  reducing  its 
use  for  haulage  of  dead  locomotives  and  cars  to  Mott 
Haven. 
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AND  Tracks  Beneath  (University  Heights!. 
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As  secondary  considerations  there  were: 

(3). — The  possibility  of  sufficient  economy  in  operation  at  least  to 
offset  largely  the  additional  fixed  charges  on  the  cost  of 
the  electrical  installation;  and 

(4). — Opportunities  for  an  ultimate  large  increase  in  traffic  and 
corresponding  growth  of  revenue  to  justify  the  expendi- 
ture for  all  improvements  within  the  suburban  zone. 

What  do  the  observations  made  thus  far  disclose? 

The  first  two  expectations  have  been  completely  realized. 

Park  Avenue  Tunnel. — The  atmospheric  conditions  in  the  Park 
Avenue  Tunnel  show  marked  improvement,  even  with  the  presence  of 
the  remaining  New  Haven  Company's  steam  service. 

Increased  Terminal  Capacity. — The  effect  on  the  operating  effici- 
ency of  the  terminal  has  been  very  gratifying,  the  increased  capacity 
being  estimated  at  one-third.  There  has  also  been  a  large  reduction  in 
the  number  of  shop  or  "dead"  trains  to  and  from  Mott  Haven. 

Reduced  Cost  of  Operation. — The  results,  as  regards  the  third  ex- 
pectation, have  been  most  surprising.  The  operation,  for  a  considerable 
period,  of  steam  and  electric  equipment  side  by  side  has  afforded  an 
unexampled  opportunity  for  a  true  comparison  of  costs  of  operation. 
Until  now,  data  on  this  subject  have  been  based  on  theory,  ignoring 
many  of  the  indeterminate  features  of  actual  operation  that  have  such 
a  weighty  effect  on  costs.  For  instance,  among  the  variables  entering 
into  an  analysis  of  this  character  are : 

(a). — Cost  and  quantity  of  coal  and  water  at  the  power-station, 
and  on  the  steam  locomotive  tender; 

(b). — Relation  of  ton-mileage  of  the  motive  power  to  total  ton- 
mileage,  including  motive  power  and  cars; 

(c). — Frequency  and  volume  of  traffic; 

(d). — Mechanical  and  electrical  design  of  motive  power  as  affect- 
ing repairs,  and  hours  available  for  active  service; 

(e).- — Fixed  charges,  depreciation,  and  maintenance  on  all  items 
of  both  kinds  of  service,  that  have  a  bearing  on  compara- 
tive results,  including  land,  structures,  and  equipment. 

In  other  words,  to  obtain  a  true  comparison,  observations  must  be 
made  under  like  conditions  in  a  known  service. 
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With  this  object  in  view,  a  typical  steam  switching  locomotive, 
engaged  in  terminal  service,  and  a  steam  passenger  locomotive,  assigned 
to  road  service,  were  each  selected  for  observation  in  the  same  class  of 
traffic  with  electric  locomotives.    The  terminal  service  embraced  switch- 

STEAM   LOCOMOTIVES  USED  IN  COMPARATIVE  TESTS 


Weight  ou  <li  ivtrs,  woikiog  oidei- 1J6  000  lb. 

Weight  on  truck,  woiTiing  order 16  50('  lb. 

Weight;  total  of  eu-iue 191  5001b. 

Weight  of  lender,  loaded USOOOlb. 

STEAM  LOCOMOTIVE  USED  IN 

ROAD  TESTS. 

CLASS-F-2-d. 

(No. 1978.) 


Weight  on  drivers,  working  order     152  500  lb. 

Wci-^lit,  total  of  engine 152  500  lb. 

Weight  of  tender,  londed 

laOO-gal.  t.-ink _..89  5001b. 

5100-gal.  tank 01  5001b. 

STEAM   LOCOMOTIVE  USED  IN 
SWITCHING  AND  HAULING  TESTS. 
CLASS  B-10. 
Fig.  7. 


ing  at  the  Grand  Central  yard,  and  hauling  dead  cars  to  and  from 
Mott  Haven  storage  yard,  a  distance  of  6  miles.  The  road  service 
comprised  the  hauling  of  schedule  trains  by  the  electric  locomotive 
between  the  Grand  Central  Terminal  and  Wakefield,  12^  miles;  and 
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the  same  trains  by  steam  between  Wakefield  and  North  White  Plains, 
nj  miles. 

Observers  constantly  rode  the  locomotives  for  the  period  of  the 
tests,  namely,  September  12th  to  27th,  1907,  in  terminal  service,  and 
October  4th  to  18th,  1907,  in  road  service.  Cyclometers  and  watt- 
meters registered  actual  distances,  speeds,  and  current  consumption. 
Record  was  also  kept  of  the  number  of  cars  switched  and  hauled,  hikI 
the  proportion  of  time  each  day  engaged  in  actual  service,  awaiting 
duty,  and  laid  up  for  inspection  and  repairs. 

The  coal  used  contained  14  000  B.  t.  u.  per  lb.,  and  the  cost,  per 
ton  of  2  240  lb.,  was : 
Steam  locomotive  in  terminal  service  (anthracite) ....     $5.00  per  ton. 

Steam  locomotive  in  road  service  (bituminous) 3.50     "       " 

Port  Morris  power-station   (bituminous) 3.05     "       " 

Water,  per  1  000  gal.,  cost  as  follows : 

Terminal  service  and  at  power-station 13^-  cents. 

Road  service 5       " 

The  cost  of  electric  current,  when  the  power-station  designed  load 
is  attained,  is  taken  at  2.6  cents  per  kw-hr.,  delivered  at  the  contact 
shoes  of  the  equipment,  and  includes  all  operating  and  maintenance 
costs,  interest  on  the  electrical  investment  required  to  produce  and 
deliver  the  current,  depreciation,  taxes,  insurance,  and  transmission 
losses.    The  details  of  this  cost  are: 


Items. 

Operatlnn  costs. 

Fixed  charges. 

Total. 

Power-station 

Transmission  losses. 

0.58  cents. 
0.10     '• 

0.32     '• 

0.44  cents. 
0.15     " 

0.92     " 

1.02  cents. 
0  34     " 

Distributing  system 
tions 

and  .^ub-sta- 

1.24     •' 

Totals - 

1.09  cents. 

1.51  cents. 

2  60  cents. 

Locomotive  wages  are  practically  identical  for  each  class  of  ser- 


Table  1  shows  the  details  of  locomotive  repairs,  maintenance,  and 
fixed  charges  for  each  class  of  service,  from  which  it  will  be  noted 
that,  although  the  fixed  charges  and  depreciation  of  the  electric  loco- 
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motive  are  higher  than  tliose  of  the  steam,  owing  to  the  greater  first 
cost,  the  net  result  is  in  favor  of  the  electric  locomotive,  due  to  lower 
costs  for  repairs  and  maintenance.  These  results  are  based  on  actual 
observations  of  the  steam  locomotive  covering  a  period  of  several 
years;  and  of  the  electric  locomotive  for  two  years  on  the  experi- 
mental track  near  Schenectady  and  one  year  in  the  New  York  zone. 
The  reasons  for  the  lower  cost  of  repairs  on  the  electric  machine  are 
the  simplicity  of  construction  and  the  minimum  number  of  mechani- 
cal parts.  It  is  also  worthy  of  comment  that  the  electric  locomotive 
costs  very  much  less  per  day  for  repairs  and  maintenance,  due  to  lower 
expenses  for  land  and  structures,  and  fewer  days  out  of  service.  For 
instance,  the  fixed  charges  and  cost  of  maintenance  and  operation 
of  the  extensive  steam  engine  plant  on  costly  land,  are  comparable  with 
the  simple  inspection-shed  charges  of  the  electric  locomotive. 

The  Schenectady  experiments  indicated  that  the  cost  of  repairs  of 
the  electric  locomotive  of  this  type  is  about  two-fifths  of  that  of  the 
steam  locomotive  of  a  corresponding  age  and  capacity. 

The  results  of  these  observations  are  shown  in  detail  in  Table  2, 
Plate  XXI,  and  are  summarized  in  Table  3.  They  show  that,  under 
the  stated  conditions,  the  electric  locomotive  has  the  following  ad- 
vantages over  its  steam  rival : 

19%  saving  in  locomotive  repairs  and  fixed  charges. 
18%  saving  in  dead  time  for  repairs  and  inspection. 
25%  greater  daily  ton-mileage. 

6%  saving  in  locomotive  ton-mileage  in  hauling  service. 
11%  saving  in  locomotive  ton-mileage  in  switching  service. 
16%  saving  in  locomotive  ton-mileage  in  road  service. 
12%  net  saving  in  cost    in  hauling  service. 
21%  net  saving  in  cost  in  switching  service. 
27%  net  saving  in  cost  in  road  service. 

Even  better  results  may  be  expected  during  winter  months,  when 
steam  locomotives  are  subjected  to  many  conditions  that  cause  addi- 
tional expenses  not  incident  to  the  electric  locomotive. 

Reduced  Cost  of  Grand  Central  Terminal  Operation. — Owing  to 
the  partial  use  of  steam  switching  locomotives,  and  the  presence  of 
the  New  Haven  Company's  steam  road  locomotives  at  the  terminal, 
the  full  benefits  of  change  of  motive  power  have  not  yet  been  secured. 


102 


ELECTRIFICATION,  SUBURBAN  ZONE,  N.  Y.  C.  &  H.  R.  R.  R. 


>     K     X 
2.5"    ®     * 


a? 


?  S9 


Pa 


a   S 


g 

i 

-J 

OB 

g 

£ 

Si 

S 

—  Cl 


§ 

£ 

3 

++ 

++ 

++ 

s 

3 

- 

-J 

g 

g 

1 

to 

o 

o 

00 

ts 

iO 

i 

2 

o 

o 

o 

o 

s 

§ 

s 

1^ 

CO 

i 

i 

8 

^_1 

1.^ 

o 

to 

^ 

- 

=> 

o 

c 

» 

-1 

a 

to 

Ul 

tc 

00 

CC 

Oi 

o 

_. 

to 

25 

^ 

-J 

00 

o 

o 

cc 

^ 

o 

— 

o 

ta^ 

o 

o 

ts 

to 

s 

g 

:i 

— -  w 


tt* 

N 

a 

ir< 

re 

i  as 

3 

2.^' 

n 

-« 

0  » 

' 

i-o 

^a 

w 

X 

X 

o 

■^ 

i<^ 

o 

-. 

>► 

o 

o» 

^ 

J. 

-?- 

ce 

C5 

ce 

o 

lb. 

ce 

i 

CR 

H- 

^ 

-+ 

-1 

O 

o» 

i_l 

to 

X 

-!- 

_^ 

_J. 

O 

o 

o 

to 

ce 

en 

^ 

ce 

^ 

ce 

o 

Oi 

x 

CO 

3" 

o 

o 

O 

td 

_ 

to 

_ 

-^ 

cc 

■-* 

o 

CO 

*^ 

> 

c 

c 

o 

^ 

o 

D 

Ul 

^ 

H 

^ 

-I 

<! 

CO 

Q 

,_i 

C: 

H 

o 

o 

6 

* 

s- 

o 

p 

1-,  o 

5 

^p 

^ 

c- 

|C>. 

ra 

>». 

hS 

OS 

o 

to 

>•*■ 

•c^ 

CO 

so 

CM 

00 

- 

to 

o 

1-1 

o 

«o 

^ 

^ 

_fc 

^_fc 

Oi 

to 

o 

o 

CO 

ce 

^ 

^ 

-^ 

to 

Zj* 

to 

_ 

l_^ 

^ 

to 

w? 

CD 



— 

- 

c 

q5 


o 

;:; 

o 

g 

CO 

s 

en 

ce 

s; 

-i- 

-~ 

_» 

o 

to 

1-' 

X 

o 

81 

*—  if^ 


to      o: 

OS             X       p 
'-1             CT        to 

•-'               05        X 

00          X      o: 

o 

$5.84 
5.85 

'-'  o       — 


/      Miles  per  day. 
Cars  per  day. 


Q 

s 

O 

<1 


Q 

!z! 
D 

Q 

tz! 

O 


Busy  hours  per  day. 


Hours  ready  for  duty 
daily. 


Percentage  of  time 
dead. 


Total  ton-miles  daily. 


Car  ton-miles  daily. 


Percentage  of  car  ton- 
I         miles  to  total. 

Car  ton-miles  per 
busy  hour. 


Coal  or  current  per 
car  ton-mile. 


Total  cost  pier  car, 
in  cents. 


Average  miles 
per  hour. 


Maximum  miles 
per  hour. 


Stops. 


Supplies. 


Wages. 


,  Interest,  depre- 
;  elation,  and  re- 
ipairs  on  locomo- 
tives. 

Total. 


I  Watt  -hours  required  to 
i   (1<.  worl<  of  1  lb.  coal. 


T  ^BLE  2  —Comparative  Teats  or  Steam  ixm  Electwc  Locouotivk  in  Switching  and  Hauling  Service: 
Gbahd  Central  Terminal.  N.  T.    Rtras  made  betm-een  September  I^fr  and  27Tn.  1907. 
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However,  on  the  same  wage  basis  for  1907  as  for  1906,  the  month  of 
August,  1907,  showed  a  decrease  in  cost  of  terminal  locomotive  and 
yard  operation  of  nearly  $3  000,  although  the  number  of  cars  in  and 
out  increased  from  64  984  to  68  519.  In  other  words,  the  cost  of  opera- 
tion decreased  9%  while  the  work  done  increased  5J%,  which  is 
equivalent  to  a  net  saving  of  13J  per  cent. 

Increased  Revenue. — As  to  the  fourth  expectation — increased 
revenue  from  a  larger  volume  of  business — no  definite  conclusions 
can  be  reached  until  the  extension  of  electrical  service  and  the  com- 
pletion of  the  various  other  improvements  afford  an  opportunity  for 
increase  in  frequency  and  speed  of  train  service;  for  the  production 
of  revenue  from  various  sources  at  the  terminal;  and  for  the  expansion 
of  business  that  is  sure  to  follow  the  enlargement  of  the  facilities  of 
the  company  throughout  the  suburban  zone,  not  only  as  regards  the 
local  service,  but  in  an  even  larger  degree  from  long-haul  freight  and 
passenger  traffic. 

Summary  of  Eesults.— To  summarize,  the  observations  thus  far 
made  demonstrate  that  this  pioneer  electric  installation  in  heavy- 
traction  trunk-line  work  in  the  United  States  has  fully  accomplished 
the  purposes  that  prompted  its  adoption,  namely: 

(1). — Abolition  of  nuisances  incident  to  the  steam  locomotive; 
and 

(2). — Increased  capacity  of  the  Grand  Central  Terminal, 
a  full  year  in  advance  of  the  date  fixed  by  law;  and  in  addition: 

(3). — The  promise,  with  the  completion  of  the  changes,  of  a 
saving,  in  cost  of  operation,  of  from  12  to  27%,  after  pro- 
viding for  increased  capital  charges  for  electrification; 
and 

(4). — The  outlook  of  a  large  future  growth  of  remunerative 
traffic,  and  other  sources  of  revenue  attendant  on  the  use 
of  electricity,  much  more  than  sufficient  to  provide  for  the 
increased  capital  charges  for  the  other  improvements. 

Several  years  will  be  consumed  in  the  gradual  rounding  out  of  the 
work  as  a  whole;  but  it  is  gratifying  to  have  this  early  indication  of 
the  success  of  the  undertaking  from  both  the  engineering  and  financial 
standpoints. 
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Other  Operating  Conclusions. — Apart  from  these  results,  it  is  in- 
teresting to  note  the  conclusions,  suited  to  this  particular  problem, 
that  may  be  drawn  from  a  study  of  the  various  observations. 

Equipment  designed  for  the  electric  system  over  which  it  is  to 
operate  offers  economies  so  superior  as  to  overshadow  any  other  ad- 
vantages that  may  be  claimed  for  a  kind  of  equipment  that  can  be 
operated  over  several  systems. 

In  switching  service,  the  economy  of  electric  traction  lies  in  savings 
for  supplies,  and  in  lower  unit  fixed  charges  and  repairs  due  to  less 
lost  time  for  repairs  and  care. 

In  slow-speed  hauling,  the  advantage  lies  in  the  lower  unit  fixed 
charges  and  repairs  of  the  electric  locomotive,  due  to  its  ability  to  do 
more  work  while  busy,  and  to  less  lost  time  for  repairs  and  care. 

High-speed  road  service  shows  advantages  for  electric  traction  in 
all  three  items :  supplies,  wages,  and  fixed  charges  and  repairs.  The 
small  18%  increase  in  current  consumption  for  the  greater  speed  of 
road  service,  as  compared  with  hauling  service,  is  in  marked  contrast 
to  the  165%  increase  in  coal  constimption  for  steam  traction. 

Opportunities  for  large  economies  lie  in  the  thorough  training  of 
motormen  in  the  manipulation  of  their  controllers,  a  very  simple 
problem  as  compared  with  the  difficulties  of  teaching  both  the  engine- 
men  and  firemen  on  steam  locomotives  to  perform  their  duties  so  as 
to  result  in  fuel  economy. 

Maintenance  of  Trade  and  Structures.— It  is  yet  too  early  to  ex- 
press in  dollars  the  comparative  effect  of  steam  and  electric  traction 
on  the  cost  of  maintaining  and  renewing  tracks  and  structures.  Re- 
peated systematic  inquiries  of  all  foremen  in  charge  of  electric  zone 
track  maintenance,  and  of  the  motormen  operating  electrical  equip- 
ment, have  brought  out  the  practically  unanimous  opinion  that  the 
effect  of  electric  locomotives,  apart  from  slightly  greater  wear  on 
switches,  does  not  differ  from  steam  motive  power,  on  either  line  or 
surface  of  tracks,  but  that  the  former  has  better  riding  qualities.  The 
superiority  of  electric  traction  is  manifest,  of  course,  in  the  cessation 
of  costly  corrosive  action  of  locomotive  gas  on  metallic  structures, 
and  the  freedom  from  cinders  which,  with  the  steam  locomotive,  cause 
heavy  maintenance  costs  for  cleaning  rock  ballast,  and  pointing  brick 
tunnel  arches. 

Personnel  of  Engineering  Department. — This  paper  would  be  in- 
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complete  without  an  expression  by  the  writer,  first  as  Chief  Engineer 
and  later  as  Vice-President  of  the  Company,  of  his  deep  appreciation 
of  the  enthusiastic  co-operation,  and  the  able  and  earnest  assistance 
of  those  associated  with  him  in  bringing  this  work  to  a  successful 
issue. 

The  general  principles  and  policies  on  electrical  matters  were  deter- 
mined by  an  Electric  Traction  Commission,  the  members  of  which, 
in  addition  to  the  writer  as  Chairman,  were  Bion  J.  Arnold,  M.  Am. 
Soc.  C.  E. ;  Frank  J.  Sprague,  M.  Am.  Soc.  C.  E. ;  George  Gibbs,  M. 
Am.  Soc.  C.  E. ;  and  the  General  Superintendent  of  Motive  Power, 
Rolling  Stock  and  Machinery,  New  York  Central  Lines,  at  first  Arthur 
M.  Waitt,  M.  Am.  Soc.  C.  E.,  later  succeeded  by  Mr.  John  F.  Deems. 
Mr.  Edwin  B.  Ivatte,  Electrical  Engineer  of  the  company,  acted  as 
Secretary. 

The  other  improvements,  including  the  preparation  of  plans  and 
specifications,  and  the  execution  of  all  work,  including  electrification, 
by  contract  and  by  company  forces,  were  under  several  corps,  the  heads 
of  which,  for  the  purpose  of  co-ordinating  their  efforts,  formed  the 
Construction  Committee.  Among  the  members  of  this  Committee,  in- 
cluding the  writer  as  Chairman,  were  Mr.  Charles  A.  Keed,  Executive 
of  the  Associated  Architects  for  the  Electric  Zone,  Messrs.  Reed  and 
Stem,  and  Warren  and  Wetmore;  Mr.  W.  H.  Knowlton,  Principal 
Assistant  Engineer;  Mr.  E.  B.  Katte,  Electrical  Engineer;  George 
A.  Harwood,  M.  Am.  Soc.  C.  E.,  Terminal  Engineer;  Mr.  Azel  Ames, 
Signal  Engineer;  Mr.  George  A.  Berry,  Engineer  of  Company  Forces; 
Mr.  Henry  A.  Stahl,  Office  Engineer;  Mr.  Victor  Spangberg,  Design- 
ing Engineer ;  and  Mr.  J.  L.  Hoist,  Bridge  Engineer.  Associated  with 
this  Committee  were  also  Mr.  Ira  A.  McCormick,  General  Superin- 
tendent of  the  Electric  Zone,  and  A.  T.  Hardin,  Assoc.  M.  Am.  Soc. 
C.  E.,  Assistant  General  Manager,  as  representatives  of  the  operating 
department. 

To  the  many  contractors,  who  with  few  exceptions  performed  their 
work  with  skill  and  fidelity,  appreciative  acknowledgments  are  also 
extended.  • 
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G.  R.  Henderson,  Esq. — This  paper  gives  such  a  very  interesting 
description  of  an  important  engineering  accomplishment,  that  the 
speaker  could  add  nothing  to  its  value  by  praise,  nor  does  he  see  any 
reason  to  criticise  it. 

The  facts  given  are  extremely  valuable  because  they  are  the  first 
statement  of  actual  electric  operation  on  a  steam  railroad,  and  give  a 
fair  and  just  comparison  between  steam  and  electric  traction  in  trunk- 
line  service. 

Much  has  been  heard  in  the  last  few  years  of  the  great  economy 
that  would  result  from  electrification,  but  all  figures  were  usually  mere 
estimates,  with  a  strongly  suspected  leaning  toward  the  side  in  which 
their  author  was  most  interested.  Such  data  were  obviously  received 
with  suspicion,  and  perhaps  incredulity,  but  Mr.  Wilgus  has  now  given 
figures  which  are  not  open  to  such  questioning,  and  it  has  seemed  to 
the  speaker  that  some  further  analysis  and  study  of  these  statements 
would  be  interesting  and  instructive. 

In  the  following  summary,  the  fundamental  items  were  obtained 
from  the  pages  noted,  and  the  deductions  were  based  on  these  figures. 

Analysis  of  Data. 

Nominal  generator  capacity  of  each  electric  power-station,  20  000 
kw.  (page  78). 

(Each  power-house  was  designed  to  be  able  to  carry  full  load,  and 
two  houses  were  established  as  safeguards  against  failures  when  in- 
augurating electric  service — later,  they  are  expected  to  be  operated  to 
full  capacity)    (page  77). 

1  .       107  000  000       ^^^^^ 
Average  expected  output  lor  tram  propulsion,        ^  .,  ^,    =  12  000 

oOo  X  '24 

kw.  (page  79). 

Maximum  expected  output  for  train  propulsion  ^=  24  000  kw. 

Allowing  for  transmission  losses,  ^  ^=  2.44  h.p.  per  ton  of  train, 

Tractive  force  X  Velocity        (12  +  10)  X  40 
and  as  tin-  horse-power  = _ *    = 

=rz  2.4  h.p.  per  ton  of  train  at  40  miles  per  hour  up  a  ^%  grade,  or  , 
equivalent  acceleration. 

The  maximum  number  of  trains  in  motion  =  38,  and  — ^^  ==  258 

oo 

tons,  average  weight  of  trains. 

The  maximum  movement  is  double  the  average. 

The  nominal  capacity  of  both  power-stations  is  1.7  times  the  maxi- 
mum load,  or  3.3  times  the  average  load.  One  station,  only,  is  0.85 
times  the  maximum  load,  or  1.7  times  the  average  load. 
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Hoad  service  costs  per  1  000  car  ton-miles  (page  102).  Mr. Hen.iern«)ii 

Steam.  Klectrie. 

Supplies $2.03  $1.37 

Wages    0.2S  0.31 

Interest,  depreciation  and  repairs  to 

locomotives 0.46  0.3-1 


$2.77  $2.02 

The  item,  "Electric  Supplies,"  is  composed  of  operating  expenses 
and  fixed  charges,  and  may  be  analyzed  thus: 

52.3  kw-hr.  at  $0.0109  =  $0.58  for  operation. 
52.3       "         "      0.0151  =     0.79     "    fixed   charges. 


Total,  52.3       "        "    $0,026    =  $1.37  (page  99). 

The  difference  in  cost  between  steam  and  electric  traction  in  road 
service  is  $2.77  —  2.02  =  $0.75  per  1  000  car  ton-miles  (page  102),  and 
the  fixed  charges  on  the  power  plant  and  the  transmission  system  arc 
$0.79  per  1  000  car  ton-miles,  or  about  the  same  as  the  saving,  so  that 
if  the  train  movement  were  but  one-half  the  assumed  amount  (aver- 
aging 6  000  h.p.  at  the  rails,  or  6  000  kw.  at  the  station),  the  cost  for 
electric  service  would  be  slightly  higher  than  for  steam,  or  $2.81,  as 
against  $2.77  per   1 000  car  ton-miles.     This  gives  a  ratio  of  power 

installation  to  average  train  requirements  of   „  ^„„    =  6.6,  for  equal 

b  UUU 

costs  of  steam  and  electric  operation,  under  the  conditions  and  unit 

costs  given  by  Mr.  Wilgus. 

In  such  a  case,  no  saving  in  operating  costs  would  result,  and  the 
contingent  expenses  of  station  and  terminal  alterations  would  usuall.y 
bo  wholly  unwarranted.  The  method  of  operating  freight  trains  in 
''fleets"  (especially  on  single-track  roads,  and  with  traffic  in  live  stock) 
would  require  power-stations  and  transmission  systems  out  of  all  pro- 
portion to  the  average  load.  It  must  also  be  borne  in  mind  that  smaller 
installations  would  cost  more  per  unit  for  construction  and  operation, 
thus  reducing  the  ratio  or  increasing  the  "load  factor"  for  equal  costs. 

Much  has  been  heard  about  "density  of  traffic"  being  the  all-impor- 
tant consideration  in  determining  whether  or  not  electrification  would 
be  a  financial  success,  but  it  seems  to  the  speaker  that  uniformity  of 
movement  is  equally  important.  Two  properties,  having  the  same  aver- 
age density  of  traffic,  might  have  such  different  "load  factors"  that  the 
fixed  charges  on  investment  would  be  two  or  three  times  as  much  in 
one  case  as  in  the  other.  Power-stations  and  distributing  systems 
must  be  constructed  for  the  maximum  requirements,  and  if  this  maxi- 
mum is  greatly  in  excess  of  the  average,  both  the  operating  expenses 
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r.  Henderson,  niid  the  interest  charges  per  kilowatt-hour  will  be  increased.  Thus,  as 
has  been  seen,  an  average  movement  on  the  New  York  Central  only 
one-half  of  that  expected,  would  throw  the  monetary  advantage  to 
steam  traction. 

Besides,  the  enormous  contingent  costs  (once  stated  by  Mr.  Wilgus 
to  be  about  three  times  as  great  as  the  actual  expense  of  electrifica- 
tion) could  only  be  considered  rational  when  the  electric  service  would 
attract  a  great  increase  in  traffic,  and  there  are  many  cases  where  this 
would  be  a  very  doubtful  proposition. 

It  is  found,  then,  that  not  only  density  of  traffic,  but  uniformity  of 
movement  should  be  given  full  consideration  when  investigating  pro- 
posed electrification,  and  that,  while  the  data  derived  from  existing 
cases  will  be  of  assistance  in  prognosticating  the  results  of  a  new  ven- 
ture, it  is  not  the  less  imperative  to  discuss  fully  the  proposition  with 
its  own  environment,  as  no  two  cases  will  admit  of  the  same  arguments, 
and,  if  the  investigation  is  made  candidly  and  fairly,  the  cause  of  elec- 
tric traction  will  be  advanced  more  surely  and  successfully  than  by 
exaggerated  statements  impossible  of  practical  fulfillment. 
Mr.  Gibiis.  George  Gibbs,  M.  Am,  Soc.  C.  E. — Mr.  Wilgus'  paper  is  an  ad- 
mirably clear  and  concise  description  of  the  highly  important  New 
York  Central  electrification.  He  has  accomplished  the  difficult  per- 
formance of  conveying  in  the  space  of  a  few  pages  of  text  and  illus- 
tration a  description  of  an  extensive  work,  without  sacrificing  clear- 
ness, or  unduly  emphasizing  some  particular  features  to  the  exclusion 
of  others. 

The  speaker  presumes  that  the  portion  of  the  paper  headed  "Re- 
sults" is  the  one  which  will  most  interest  the  average  railroad  man,  and 
these  few  remarks  will  be  confined  to  this  portion.  The  speaker  has 
had  some  three  years'  experience  with  two  other  important  steam  rail- 
road electrifications,  namely,  the  Long  Island  Railroad,  with  about 
100  miles,  and  the  West  Jersey  and  Seashore  Division  of  the  Pennsyl- 
vania Railroad,  with  about  150  miles  of  electrified  track,  and  he  is 
still  delaying  the  summing  up  of  conclusions  as  to  comparative  steam 
and  electric  operating  costs  until  the  new  method  of  traction  has  been 
in  service  long  enough  to  determine  with  fair  constancy  its  operating 
characteristics.  Unfortunately  for  the  purpose  of  making  comparisons, 
all  electrifications  made  to  date  (except  those  of  urban  traction),  have 
been  planned  for  anticipated  extensions,  and  for  a  density  of  traffic  far 
beyond  that  reached  initially;  the  electrical  results,  therefore,  do  not 
show  as  favorably  compared  with  the  steam  as  it  is  hoped  will  soon  be 
the  case.  It  is  noticed  that  Mr.  Wilgus  has  also  been  obliged  to  fore- 
east  the  future,  in  calculating  savings,  and,  therefore,  it  would  appear 
that  it  is  still  too  early  to  say  that  we  have  accomplished  our  hopes  in 
the  samples  of  steam  railroad  electrification  made  to  date,  although  each 
year  brings  the  desired  result  nearer. 
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The  author's  remarks  are  confined  specifically  to  New  York  Central  Mr.  (;ii)i.: 
conditions  at  the  New  York  Terminal,  and,  therefore,  one  must  be 
careful  to  apply  his  figures  to  this  terminal  only  or  to  others  having 
similar  conditions.  There  are  only  a  few  very  large  terminals  in  the 
United  States  where  train  movement,  both  through  and  local,  is  ex- 
tremely heavy  and  congestion  is  great.  In  such  terminals  the  enor- 
mous expense  for  reconstruction  and  for  electric  equipment  may  be 
warranted,  because  of  resulting  increase  of  capacity,  or  because  of 
public  needs  in  tunnel  operation,  but,  in  the  smaller  cities,  or  where 
the  service  is  light,  the  showing  for  reconstruction  and  electric  operation 
would  be  extremely  poor,  and  the  expense  altogether  disproportionate 
to  the  results. 

Mr.  Wilgus,  on  page  103,  sums  up  the  advantages  of  electric  opera- 
tion, and  gives,  among  others,  "the  promise,  with  the  completion  of  the 
changes,  of  a  saving,  in  cost  of  operation,  of  from  12  to  27%,  after 
providing  for  increased  capital  charges  for  electrification."  The 
speaker,  understanding  that  this  is  not  a  present  condition,  but  rather 
an  anticipated  future  one,  has  endeavored  to  check  this  prediction 
with  the  results  of  operation  on  the  roads  with  which  he  is  connected. 

The  first  important  factor  is  the  cost  of  electric  current,  which  the 
author  calculates  at  2.6  cents  per  kw-hr.  delivered  at  the  contact  shoe, 
and  states  that  this  includes  all  operating  and  maintenance  costs,  in- 
terest on  investment  required  to  produce  and  deliver  the  current,  depre- 
ciation, taxes,  insurance,  and  transmission-line  losses.  The  speaker 
finds  that  this  figure  is  lower  than  the  corresponding  one  on  the  roads 
previously  mentioned,  yet  he  believes  that  the  author  states  it  very 
fairly  for  the  ultimate  result,  based  on  a  very  heavy  traffic  and  a  large 
yearly  output  of  current.  This  output  is  estimated  at  121 000  000 
kw-hr.  yearly,  or  from  five  to  six  times  as  much  as  the  present  output 
of  either  of  the  roads  with  which  the  speaker  is  connected — and  for  the 
present  New  York  Central,  probably. 

In  Table  1  (Cost  of  Locomotive  Service),  interest  and  depreciation 
show,  of  course,  much  higher  figures  for  the  electric  than  for  the  steam 
locomotive,  on  account  of  the  higher  fi^rst  cost  of  the  electric  machines. 
The  author  puts  repairs  for  electric  locomotives  at  two-fifths  of  those 
for  steam.  This  figure  appears  to  be  based  on  insufficient  practical 
experience  with  these  machines.  The  speaker  is  led  to  hope,  and  even 
to  expect,  that  the  cost  of  repairs  will  be  less  on  electric  than  on  stearri 
locomotives,  but,  how  much  less,  he  is  not  prepared  to  say.  Test  re- 
sults he  does  not  consider  conclusive.  It  should  be  remembered  that 
electric-locomotive  design  is  in  an  undeveloped  state,  and  constant 
changes  in  details,  and  even  of  type,  are  to  be  expected  for  some  time ; 
the  cost  of  such  changes  must  be  charged  to  operation,  and  it  would 
not  be  surprising  to  find  that  for  the  next  few  years  electric  locomotive 
repair  costs  will  be  disappointingly  large. 
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Mr.  (iibbs.  The  cost  of  handling  and  inspection  (Table  1),  including  fixed 
charges,  is  placed  at  six  times  as  much  for  steam  as  for  electric  loco- 
motives. It  would  appear  that  in  the  case  of  terminal-zone  operation, 
where  steam  and  electric  locomotives  are  interchanged,  it  will  be  neces- 
sary to  maintain  a  steam-engine  round-house  as  well  as  an  electric 
locomotive  house,  with  their  respective  organizations,  also  a  yard  for 
promptly  interchanging  locomotives  on  trains.  It  would  seem,  there- 
fore, that  Mr.  "Wilgus  has  allowed  too  much  difference  in  favor  of 
steam  locomotives  in  this  item. 

Some  of  the  other  savings  stated  for  electric  operation  are  predicated 
on  the  greater  car-  or  ton-mileage  obtainable  from  electric  locomotives. 
This  may  work  out  to  be  true,  and  doubtless  will  in  some  cases,  but  it 
is  not  always  easy  or  economical  to  get  the  theoretically  large  electric 
locomotive  or  motor-car  mileage  out  of  such  equipment  on  a  steam 
road;  it  means  that  there  must  be  trains  on  hand  to  haul,  or  that  the 
service  methods  must  be  changed  to  short  and  frequent  trains.  This 
increases  the  cost  for  train  crews,  occupies  track  and  terminal  facili- 
ties, and,  generally,  is  uneconomical,  imless  the  local  conditions  permit, 
and  the  travel  demands  it.  In  practical  operation,  the  speaker  has 
noticed  a  tendency  for  reversion  to  steam-railway  naethods  of  heavy 
train  units,  where  electric  operation  has  been  inaugurated  on  the  oppo- 
site plan. 

It  would  appear  that  Mr.  Wilgus  has  calculated  his  costs,  for  in- 
terest and  depreciation,  upon  the  cost  of  the  electric  equipment  only. 
It  is  a  question  whether  or  not  this  is  a  correct  basis;  in  the  speaker's 
experience,  the  electrification  of  a  steam  railroad  involves  numerous 
changes  in  the  existing  physical  property  of  the  railroad,  and  the  cost 
of  making  these  collateral  changes  will  >ften  equal  the  cost  of  the 
electrical  equipment  itself,  and  will  seldom,  if  ever,  fall  below  50%  of 
such  cost.  The  New  York  Central  electrification  was  undertaken  for 
two  purposes,  and  has  resulted  in  the  entire  re-construction  of  the 
terminal  proper,  the  yards,  and  the  approaches.  Each  one  of  the  ob- 
jects sought,  namely,  the  elimination  of  smoke  and  the  reduction  of 
congestion,  depends  upon  the  other.  Thus,  relief  from  congestion  is 
expected  to  be  accomplished  by  electric  operation  and  by  a  re-design  of 
the  terminal,  and  part,  therefore,  of  the  cost  of  the  electrification  might 
be  charged  against  the  increased  capacity  of  the  terminal.  On  the 
other  hand,  to  electrify  properly  required  large  collateral  expenditures 
in  the  way  of  physical  changes  in  the  terminal,  yard,  approaches, 
tracks,  and  stations,  so  that  some  part  of  this  expense  should  be  charged 
against  the  main  result,  namely,  the  avoidance  of  smoke.  If,  there- 
fore, any  considerable  part  of  the  terminal  reconstruction  is  charged 
in  this  way,  it  might  alter  very  materially  the  figures  ^fr.  Wilgus  gives 
for  possible  savings. 
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These  comments  are  not  made  in  any  critical  spirit,  but  it  seems  Mr.  (jihbs. 
(o  the  speaker  to  be  important  that  railroad  men  should  appreciate  the 
fact  that  electric  traction  has  other  aspects  than  that  of  cost.  The 
New  York  Central  Company  has  done  a  great  work,  to  serve  the  public 
comfort  and  convenience,  and  to  increase  the  safety  in  tunnel  opera- 
tion. It  seems  to  be  too  much  to  expect  that  the  change  will  be  a 
money-making  one,  and  it  is  to  be  hoped,  therefore,  that  its  progressive- 
iiess  will  at  least  earn  an  indirect  reward  in  the  approbation  of  the 
liublic. 

Arthur  M.  Waitt,  M.  Am.  See.  C.  E.  (by  letter).— This  Society  Mr.  waitt 
should  feel  a  just  pride  in  being  able  to  present  to  the  engineering 
world  the  first  comprehensive  technical  record  of  the  complete  change 
of  operating  power — from  steam  to  electricity — on  the  most  im- 
portant and  busiest  section  of  a  large  steam-railroad  system;  and  the 
Society  surely  owes  to  Mr.  Wilgus  a  debt  of  gratitude  for  presenting 
this  most  important  and  valuable  paper  for  discussion. 

In  these  days,  when  there  seems  to  be  such  a  wide  diiference  of 
opinion  among  enthusiastic  electrical  engineers,  whose  experience  has 
been  principally  with  light  interurban  passenger  transportation,  it  is 
indeed  refreshing  and  reassuring  to  have,  in  very  clear  and  complete 
shape,  not  an  unsubstantiated  statement  of  what  "probably  may"  be 
accomplished  by  this  or  that  system  of  electrification,  but  rather  a 
statement,  fully  proven  in  practice,  of  the  accomplished  results  of  a 
system  which  has  proved  successful  to  a  degree  which  shows  the  ex- 
ceptional ability  and  good  judgment  of  those  who  conceived  and  exe- 
cuted the  plans. 

Having  had  many  years  of  experience,  and  being  familiar  with  the 
intricate  problems  presented  to  steam  railroads  at  busy  terminals,  the 
writer  can  state  without  hesitation  that  the  successful  accomplishment 
of  the  change  from  steam  to  electric  power  at  the  New  York  terminal 
of  the  New  York  Central  and  Hudson  River  Railroad — the  most  con- 
gested railroad  terminal  in  the  world^ — with  but  little  derangement  of 
the  train  service,  is  but  little  short  of  a  miracle;  and,  up  to  the  pres- 
ent time,  it  may  be  properly  rated  as  one  of  the  most  difficult  and 
complicated  engineering  problems  which  has  been  undertaken  and 
s\iccessfully  carried  through. 

So  carefully  was  the  electrification  problem  studied  by  Mr.  Wilgus 
and  his  associates,  and  so  wisely  were  their  decisions  made,  that  the 
work  went  forward  steadily  and  successfully  in  every  stage,  so  that, 
after  the  first  electrically-propelled  trains  were  started,  steady  progress 
was  made,  without  hitches  or  falling  back,  until,  for  the  greater  part 
of  a  year,  every  New  York  Central  train  leaving  the  Grand  Central 
Station  has  been  handled  successfully  and  satisfactorily  by  electricity, 
with  no  instance  where  it  became  necessary  to  return  to  the  use  of  the 
steam  locomotive. 
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:\ir.  Waitt.  This  accomplishment  speaks  volumes  for  the  wisdom  of  the  officers 
in  selecting  their  system  of  electrification.  Especially  is  this  manifest 
when  it  is  seen  that  a  qlosely  associated  railroad,  adopting  another 
system,  has  had  failure  after  failure,  so  that  it  became  necessary  in 
several  instances  to  abandon  temporarily  the  use  of  electricity  and 
return  to  the  steam  locomotive  in  order  to  run  its  trains.  On  this 
other  railroad,  instead  of  being  able  to  make  steady  and  continuous 
progress  in  the  number  and  character  of  trains  handled  by  electric 
power,  the  reverse  has  been  the  case,  and  there  has  been  a  decrease  in 
the  number  of  trains  handled  electrically;  also,  for  some  reason  not 
yet  made  public,  this  road  has  not  been  able  to  handle  heavy  through 
trains  satisfactorily  by  the  system  and  apparatus  which  it  has  adopted. 

Since  the  decision  by  the  New  York  Central  officers  as  to  the  sys- 
tem of  electrification  to  be  used,  the  writer  has  made  an  observation 
trip  in  Europe,  and  has  been  fully  convinced  that  Mr.  Wilgus  and  his 
associates  have  selected  wisely,  and  have  thereby  avoided  the  various 
experimental  forms  of  electrification,  and  many  of  the  sources  oi 
difficulty,  which  have  given  no  end  of  trouble  in  European  continental 
practice.  Conditions  in  Europe,  as  far  as  observed  by  the  writer,  are 
much  simplier  in  most  respects  than  those  which  prevail  at  the  New 
York  terminus  of  the  New  York  Central  Lines.  The  types  of  rolling 
stock,  the  absence  of  frequent  overhead  structures,  the  slower  speed, 
and  the  lighter  and  less  frequent  traffic  permit  of  experiments  which 
are  in  many  instances  far  from  satisfactory,  and  would  not  be  quietly 
tolerated  by  the  American  public. 

One  of  the  most  important  innovations  in  the  installation  on  the 
New  York  Central  Eailroad  is  the  use  of  the  "inverted"  or  underneath- 
contact  third-rail,  which  not  only  gives  an  absolutely  safe  working 
conductor,  but  has  demonstrated  its  freedom  from  inefficiency  in  snow 
or  sleet  storms.  The  writer  has  seen  in  his  European  observations  a 
line,  equipped  with  the  top-contact  third-rail,  almost  completely  at  a 
standstill  on  account  of  a  slight  coating  of  sleet  on  the  top  of  the  third- 
rail,  which  prevented  the  contact  shoes  from  collecting  sufficient  cur- 
rent to  keep  the  trains  in  motion,  notwithstanding  the  fact  that  men, 
equipped  with  brooms,  were  located  on  every  half-mile  section  of 
road  to  keep  the  rails  clear. 

European  practice  has  been  largely  of  negative  value  in  determin- 
ing the  best  practice  for  America,  by  indicating  what  to  avoid,  rather 
than  what  to  adopt.  American  engineers  have  set  the  pace,  and  it  is 
safe  to  say  that  the  most  successful  systems  in  use  in  Europe  to-day 
are  those  modeled  after  American  designs  and  principles. 
Mr.  Lewis.  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E. — The  speaker  can  contribute 
nothing  to  the  interesting  discussion  of  the  relative  merits  of  alternat- 
ing and  direct-current  equipment,  or  of  the  third-rail  and  the  over- 
head conductor,  but  he  wishes  to  do  a  simple  act  of  justice  in  calling 
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attention  to  the  attitude  of  the  author  of  the  paper  and  the  corpora-  >ir.  Lewis, 
tion  which  he  represented  during  the  negotiations  leading  up  to  the 
adoption  of  the  plans  now  being  carried  out. 

These  negotiations  and  plans  had  their  origin  in  tlie  movement  to 
substitute  electricity  for  steam  in  the  Park  Avenue  Tunnel,  and  to 
increase  the  capacity  of  the  Grand  Central  Yard.  Then,  in  order  to 
restore  to  public  use  the  eleven  streets  from  Forty-fifth  to  Fifty-fifth 
Streets,  inclusive,  the  continuity  of  which  was  broken  by  this  terminal 
yard,  the  Company  agreed  to  depress  the  entire  yard  many  feet  into 
the  solid  rock  of  Manhattan  Island  at  an  enormous  increase  of  cost. 

WTien  the  terminal  station  was  under  consideration  it  was  first 
proposed  to  make  it  a  revenue-producing  structure,  containing  not 
only  offices  for  the  use  of  the  company,  but  a  hotel,  and  possibly  a 
theatre  and  stores,  with  offices  for  rent.  As  the  plans  were  being 
developed  it  was  concluded  that  an  improvement  of  this  kind  de- 
manded the  erection  of  a  monumental  building  devoted  exclusively 
to  railroad  purposes,  and  the  plans  were  accordingly  modified  with 
this  in  view.  It  was  then  believed  that  such  a  building  should  have  a 
proper  setting,  and  the  company,  of  its  own  volition,  proposed  to  place 
it  some  40  ft.  north  of  the  northerly  line  of  Forty-second  Street  and 
some  70  ft.  east  of  the  easterly  line  of  Vanderbilt  Avenue,  and  to 
throw  out  to  the  use  of  the  public  this  area,  equivalent  to  about 
twenty-five  city  lots  each  25  by  100  ft.  The  market  value  of  the  land 
thus  surrendered  is  approximately  $1  250  000.  This  was  not  done  sim- 
ply to  secure  accommodations  for  its  own  patrons,  as  they  already  had 
right  of  access  over  a  public  street,  but  the  company  has  also  ac- 
quired from  the  city  sub-surface  rights  beneath  Vanderbilt  Avenue  to 
be  used  for  the  accommodation  of  cabs  and  carriages,  and  for  these 
rights  it  is  paying  the  city  an  annual  rental  based  upon  the  value  oE 
the  adjoining  property. 

The  speaker  takes  pleasure  in  emphasizing  to  the  Society  the  broad 
and  liberal  spirit  with  which  Mr.  Wilgus  and  his  associates  treated 
the  important  and  difficult  problem  which  was  presented  to  them; 
they  considered  it  not  only  as  a  railway  problem,  but  as  one  which  had 
an  important  relation  to  the  dignity  and  beauty  of  the  great  city  in 
which  their  terminal  is  located. 

H.  IM.  Brinckerhoff,  Esq. — This  paper  is  particularly  interesting  Mr.  Brincker- 
to  the  speaker,  for  a  number  of  reasons.  One  of  these — shared  in  by 
all  who  have  been  engaged  in  electric  railway  work — is  that  this  is  the 
first  authoritative  expression  from  an  official  of  a  large  steam  railway 
system  strongly  endorsing  electric  traction  as  applied  to  steam  rail- 
ways. 

Having  been  actively  engaged  for  the  past  eighteen  years  in  elec- 
tric railway  work,  and  particularly  in  the  original  design  and  develop- 
ment of  the  third-rail  system  applied   to  the  Intramural  Railway  at 
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the  World's  Fair,  in  1892-93,  and  later  having  charge  of  the  equipment 
and  management  of  the  Metropolitan  West  Side  Elevated,  in  Chicago, 
this  paper  appeals  to  the  speaker,  because  it  marks  an  epoch  in  the 
history  of  electric  traction. 

When,  some  25  years  ago,  it  vs^as  proposed  to  supplant  horses  on 
street  railways,  and  use  electric  motors,  a  great  deal  of  doubt  was  ex- 
pressed, even  by  well-informed  people,  as  to  the  possible  success  of 
such  a  venture.  Wlien  the  street  trolley  system  became  an  established 
and  successful  fact,  and  some  talk  arose  as  to  its  possible  application 
to  heavier  types  of  traction  systems,  those  familiar  with  railroad  work 
were  fond  of  saying: 

"Electricity  is  well  enough  as  a  substitute  for  a  horse;  it  does 
very  nicely  for  street  cars,  where  everything  is  so  light  and  the  service 
conditions  are  not  exacting,  but,  for  a  real  railway,  it  is  obviously 
unsuitable." 

When,  in  1892,  it  was  proposed  to  operate  electrically  an  elevated 
railway  on  the  World's  Eair  Grounds  at  Chicago,  and,  further,  it  was 
proposed  to  use  a  steel  rail  as  a  conductor  and  a  cast-iron  shoe  with 
gravity  contact  as  the  collecting  device,  the  same  authorities  good- 
naturedly  admitted  that: 

"This  was  well  enough  as  an  experiment,  or  an  advertisement,  or 
an  exhibition,  and  we  might  pull  through,  as  it  was  only  for  use  dur- 
ing the  summer  season,  but  that,  as  a  development  applicable  to  steam- 
railway  work,  it  was  of  course  obviously  unsuitable." 

When,  a  year  or  two  later,  this  same  system  was  successfully  ap- 
plied to  the  Metropolitan  West  Side  Elevated  Kailroad,  in  Chicago, 
followed  by  the  abandonment  of  the  steam  locomotives  on  all  the  ele- 
vated roads  in  that  city,  and  later  supplanted  steam  on  the  Brooklyn 
and  Manhattan  Elevated  Systems,  and  was  given  first  choice  on  the 
New  York  Subway  and  on  the  Boston  Elevated,  as  well  as  successfully 
operating  long  interurban  lines  in  the  Middle  West,  the  doubters  again 
retreated  behind  a  further  line  of  defense  by  saying  that : 

"This  was  simply  a  modified  form  of  horse-car  service,  and  that, 
obviously,  while  suited  to  lighter  forms  of  traction,  it  was  not  ap- 
plicable to  steam  railways." 

Now  comes  a  further  and  vital  step  in  the  forward  progress  of  this 
art.  The  representative  of  a  great  steam  railroad  system  comes  for- 
ward and  publicly  announces  that,  not  only  does  the  electric  apparatus 
substituted  upon  this  company's  great  terminal  succeed  in  actually 
performing  the  work  previously  thought  possible  only  with  steam 
locomotives,  but  that  it  actually  is  able  to  accomplish  30%  more  with 
a  given  terminal  capacity,  and  at  an  actual  saving  of  13^%  in  operat- 
ing expenses. 

This  admission  cannot  but  be  hailed  by  all  who  have  borne  the 
burden  and  heat  of  the  day,  while  struggling  with  the  harrowing  de- 
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tails  of  this  work,  as  a  great  step  toward  a  broader  and  more  general  Mr.  Hrinc-Uer 
appreciation  of  the  possibilities  of  their  favorite  power,  and  a  signal        '"'''^• 
indorsement  of  the  claims   and   arguments  put   forward   in   its   favor 
during  the  past  few  years.     Having  announced  these  important  facts, 
Mr.  Wilgus  has  contributed  a  text  upon  which  may  be  expended   a 
great  deal  of  argument. 

The  speaker  would  like  to  bring  forward,  however,  two  points 
represented  specially  by  his  own  experience. 

This  paper  confirms  by  actual  demonstration  a  number  of  the 
claims  which  have  been  put  forward  from  time  to  time  in  favor  of 
electrifying  portions,  at  least,  of  the  steam  railroad  systems  of  the 
country. 

The  fact  that  at  least  one-third  additional  capacity  has  been  ob- 
tained for  a  given  number  of  tracks  in  the  old  station,  by  the  simple 
change  to  electrical  operation,  has  an  important  bearing  upon  terminal 
capacity,  where  space  may  not  be  so  restricted  as  to  warrant  the  great 
expense  of  a  two-deck  construction.  That  it  was  possible  to  make  this 
or  even  greater  increases  in  capacity  of  tracks,  yards,  and  crossings 
by  electric  operation  over  steam,  has  been  admitted  for  some  time, 
even  by  steam  railway  men,  in  the  case  of  the  lighter  forms  of  trac- 
tion work,  such  as  the  elevated  railway  and  kindred  services.  Now, 
having  proved  by  actual  experience  the  relative  increase  in  capacity 
of  electric  over  steam  operation  in  the  heaviest  kind  of  terminal  work, 
at  the  Grand  Central  Station,  it  certainly  seems  reasonable  to  follow 
one  or  two  other  lines  of  comparison  in  this  regard. 

Take,  for  instance,  the  question  of  operating  costs.  Mr.  Wilgus 
has  shown,  as  the  result  of  his  tests  and  deductions  from  operating 
statistics,  that  there  is  an  actual  decrease  or  saving  in  electric  over 
steam  locomotive  operation  of  9%,  and  an  increase  of  work  done  of 
5i%,  being  equivalent  to  a  net  saving  of  13^  per  cent.  The  question 
at  once  arises :  Has  the  period  under  consideration,  and  from  which 
the  details  of  operating  costs,  repairs,  maintenance,  etc.,  on  the  loco- 
motives, been  sufficiently  long  to  be  a  conclusive  demonstration? 

As  an  answer  to  this  query  Table  4  shows  for  comparison  the 
operating  data  for  very  considerable  periods — from  3  to  12  years — of 
steam  and  electric  operation  on  elevated  railway  systems.  The  costs, 
in  these  cases,  as  is  customary  in  systems  of  this  kind,  are  kept  per 
car-mile,  and  include  all  operating  expenses,  excepting  only  taxes 
and  insurance. 

During  the  eleventh  year  of  operation  of  the  Metropolitan  West 
Side  Elevated,  coal  was  20%  and  wages  14%  higher  than  with  the 
period  of  steam  mentioned.  This  latter  figure  the  speaker  can  vouch 
for,  as  he  was  Manager  of  the  road  for  six  years,  including  this 
eleventh  year,  and  these  costs  include  current  renewals  of  all  kinds, 
curves,  crossings,  rails,  ties,  painting  cars,  and  renewal  bodily  of  large 
parts  of  the  equipment. 
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Brincker-  TABLE   4. — COMPARISON   BETWEEN    StEAM    AND   EleCTRIC    OPERATION    ON 


hoflf. 


Elevated  Eailway  Systems. 


Steam. 


Electric. 


Decrease.        locrease. 


Manhattan  Elevated,  New  York  City.    (Third  year  of  operation.) 


Ci>st  per  car-mile 

Speed,  io  miles  per  hour. 


SO.llilH 
10.1 


$0,095 
15 


20.4% 


48.5% 


Oak  Park  and  Chicago  Elevated.     (Eighth  year  of  operation.) 

Cost  per  car  mile 

so. 1174 
12.5 

i 
$0,107                    8  2%                     

Speed,  in  miles  per  hour 

15                        1            2096 

South  Side  Elevated,  Chicago.    (Seventh  year  of  operation.) 

Cost  per  car-mile 

Speed,  in  miles  per  hour , 


SO.  10(5 
13.08 


$0,089 
14.95 


16% 


14.30/0 


Metropolitan  West  Side  Elevated,  Chicago. 

operation.) 


(Eleventh  year  of 


Cost  per  car-mile 

Speed,  in  miles  per  hour. 


?0.11* 
12* 


SO. 0931 
15.4 


15% 


♦  Assumed. 

The  fact  has  been  clearly  demonstrated  that  the  operation  of  these 
elevated  systems  during  a  period  of  from  10  to  12  years  has  pro- 
duced no  maintenance  charges  which  tend  to  bring  the  cost  within  12 
or  15%  of  the  best  similar  steam  operation;  at  the  same  time,  schedule 
speeds  18%  higher  than  the  steam,  and  capacity  at  junction  points, 
terminals,  etc.,  from  30  to  40%  greater  are  regularly  maintained. 

After  a  consideration  of  these  facts,  as  proven  during  periods  of 
operation  which  have  developed  full  normal  maintenance  charges  on 
these  lighter  forms  of  electric  traction,  it  seems  perfectly  reasonable  to 
assume  that  all  the  other  points  of  similarity,  having  now  been  demon- 
strated on  the  heavier  service,  this  continued  low  maintenance  is  rea- 
sonably to  be  expected.  The  apparatus  in  general,  and  even  in  much 
detail,  is  identical  in  principle,  varying  only  in  the  dimensions  of 
parts.  The  great  simplicity  of  the  driving  mechanism  throughout, 
and  the  absence  of  any  reciprocating  parts,  applies  equally  in  both 
cases. 

The  experience  gained  in  one  field,  the  speaker  believes,  can  be 
applied  with  increased  confidence  in  the  other,  now  that  Mr.  Wilgus 
has  given  this  authoritative  statement  of  this  successful  demonstration 
of  the  initial  period  on  a  steam  railway  installation. 

The  author's  reference  to  the  expected  increase  in  suburban  traffic, 
due  to  the  electrification  when  carried  to  Harmon  and  White  Plains, 
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is  a  point  which  those  familiar  with  electric  railway  developments  Mr.  Brincker 
cannot  but  look  upon  as  practically  assured.  This  question  of  electri- 
fication of  suburban  zones  by  steam  railroads  is  controlled  in  most 
cases,  of  course,  by  local  conditions.  Where  the  right  of  way  controlled 
by  the  railroad  company  is  only  sufficient  to  meet  the  demands  of  heavy 
through  business,  it  is  obvious  that  the  company  cannot  afford  to  devote 
a  set  of  tracks  to  purely  local  traffic  at  small  fares,  low  enough  to  com- 
pete with  possible  street  railway  or  interurban  competition.  Where, 
however,  a  railroad  controls  an  ample  right  of  way,  or  is  itself  operat- 
ing a  steam  suburban  service  on  separate  tracks,  the  policy  of  con- 
tinuing such  unattractive  and  inadequate  service,  as  is  usually  ren- 
dered in  this  manner,  until  a  competing  electric  line  has  actually  been 
placed  in  operation,  seems  to  the  speaker  peculiarly  short-sighted. 

If  a  territory  will  develop  a  traffic  sufficient  to  pay  well  for  the  in- 
stallation and  operation  of  an  independent  electric  line,  which  is  put 
to  the  expense  of  purchasing  a  new  right  of  way,  why  would  it  not 
pay  the  steam  railroad  to  head  off  such  competition  by  equipping  its 
own  suburban  service  with  a  type  of  apparatus  which  has  proved  such 
a  dangerous  rival  in  other  cases?  Would  this  not  have  a  number  of 
compensating  advantages  such  as  inducement  to  build  and  enlarge 
residence  districts  close  to  the  steam  railway  line  rather  than  scatter- 
ing them  out  at  a  distance  where  the  electric  line  becomes  not  only 
a  passenger-carrier  but  often  a  freight  and  express  handler  for  entire 
new  communities? 

These  considerations,  of  course,  are  subject  to  local  conditions,  as 
before  mentioned;  but  the  speaker  believes  it  is  a  fact  that  if  many 
steam  railway  managers  had  the  past  five  years  to  live  over  again, 
they  would  not  allow  themselves  to  be  caught  in  the  manner  seen  in 
a  great  number  of  instances,  and  to-day  there  would  be  more  steam 
railroads  under  partial  electric  operation  and  fewer  heavy  electric 
interurban  railroads  in  existence. 

George  B.  Francis,  M.  Am.  See.  C.  E. — In  the  discussion  of  this  M'--  Francis, 
paper  much  has  been  said  concerning  the  comparative  merits  of  the 
application  of  electric  current  by  the  direct  method  through  a  third- 
rail,  or  by  the  alternating  method  through  overhead  contact,  and  litth' 
has  been  said  about  the  difficulties  or  magnitude  of  the  civil  engineer- 
ing work  required  in  reconstructing  the  railroad  generally,  to  make 
electric  traction  applicable,  or  the  work  required  in  new  structures 
for  the  same  purpose. 

Someone  has  said  that  electrical  and  mechanical  engineers  are 
"dynamic"  engineers,  although  such  engineers,  under  the  usual  quali- 
fications, are  eligible  to  membership  in  the  American  Society  of  Civil 
Engineers.  The  "dynamic"  engineers  have  certainly  had  full  part  in 
this  discussion. 

The  Society  as  a  whole,  liowever,  is  largely  made  up  of  civil  en- 
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Mr.  Francis,  gineers  of  another  class,  who  are  not  "dynamic"  engineers,  but  may 
be  termed  engineers  of  "statics"  or  "static"  engineers,  persons  who 
design  and  build  structures  which  it  is  not  intended  shall  be  moved 
or  have  the  capacity  of  locomotion  or  moving  action,  but  in  which  the 
static  work  is  nevertheless  very  useful. 

Civil  engineers  of  this  class  are  much  interested  in  all  that  has 
been  done,  in  their  line,  toward  the  application  of  electric  traction, 
and  they  appreciate  the  work  done  on  and  along  the  electric  zone  by 
their  professional  brethren,  who  should  be  complimented  for  the  re- 
sults so  well  attained. 

It  has  been  the  experience  of  those  in  charge  of  electrical  traction 
work  (where  such  traction  power  has  been  installed  to  take  the  place 
of  steam  power)  that  the  expense  of  alterations  and  additions  to  the 
general  "static"  property  has  run  very  high,  almost  as  high  as  the 
cost  of  the  strictly  necessary  features  for  electrical  operation  per  se. 

This  may  not  be  so  pronounced  when  long  lines  of  steam  railway 
are  equipped  electrically,  but,  up  to  the  present  time,  the  application, 
in  most  instances,  has  been  made  in  the  vicinity  of  large  terminals 
or  in  congested  districts,  and  the  costs  pertaining  to  matters  ex- 
traneous to  power  and  equipment  have  been  generally  under-rated. 

The  electrification  of  the  Nevv^  York  Central,  as  described,  has  em- 
braced such  extraneous  work  as  follows : 

The  purchase  of  a  great  many  acres  of  very  expensive  land. 

The  widening  of  cuts  and  fills. 

The  removal  of  all  grade  crossings,  aggregating  forty-four, 
altogether. 

Yard  construction  for  changing  from  steam  to  electric  power. 

Shops  for  electrical  repairs,  and  inspection  sheds. 

Bridges  for  restored  city  streets  in  the  vicinity  of  the  Terminal 
Station, 

The  reconstruction  of  portions  of  the  Park  Avenue  Tunnel  for 
track  room. 

The  entire  removal  of  the  Grand  Central  Station,  and  its  re- 
construction, with  two  decks  for  trains. 

The  removal  of  the  Mott  Haven  Station,  and  its  reconstruc- 
tion in  a  new  location. 

The  creation  of  temporary  facilities  during  reconstruction. 

Additional  track  bridging. 

The  reconstruction  of  all  signal  systems, 

Additional  main  tracks. 

Changes  in  grades  of  tracks,  which,  together  with  new  trackage 
has  required  the  excavation  of  3  000  000  cu.  yd.  of  rock 
and  earth  (mostly  rock)*  at  the  terminal  site, 

*Tbis  material  has  been  hauled  to  points  miles  away,  and  the  work  and  haiilape  have 
been  done  witliout  interference  with  daily  traffic. 
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An  entirely  remodeled  junction  of  tracks  at   Mott  Haven,   to  Mr.  KranciN 

avoid  grqde  crossings  of  tracks, 
About  a  dozen  local  stations  have  been  entirely  remodeled  with 

subway   and   overhead   bridges,    in   order   that   passengers 

need  not  go  upon  the  tracks. 

Many  other  important  improvements  have  been  schemed  and 
carried  out,  and  are  fully  described  in  the  paper.  This  list  is  suffi- 
cient to  emphasize  the  cause  of  extraneous  cost. 

Regarding  the  "static"  engineering  features  required  to  produce 
the  necessary  parts  for  electric  operation,  the  following  may  be  men- 
tioned : 

Foundations   for   the   power-house   at  Yonkers,   and   the   house 

itself. 
Foundations  for  the  power-house  at  Port  Morris,  and  the  house 

itself. 
Coal-handling  plants, 

Sub-station  buildings  and  other  minor  buildings. 
Underground  conduits. 
Repair  shops  and  interchange  terminals. 

To  design  this  work  in  the  office,  to  lay  it  out  on  the  ground,  and 
to  inspect  and  supervise  it  during  construction,  as  well  as  to  prepare 
all  the  plans  for  land  purchases,  with  the  accompanying  deed  and 
condemnation  descriptions,  has  been  the  work  of  the  "static"  engi- 
neer, and  it  is  to  be  hoped  that,  at  the  proper  time,  a  complete  paper, 
describing  this  kind  of  construction,  together  with  a  description  of 
the  new  Grand  Central  Station  and  terminal,  may  be  prepared  and 
presented  to  the  Society  as  supplementary  to  Mr.  Wilgus'  paper  on 
"electrification." 

Edwin  B.  Katte,"   Esq.— Mr.  Wilgus  has  covered  the  subject  so  Mr.  Katte. 
completely  that  it  does  not  seem  possible  to  add  much  of  general  in- 
terest; however,  some  of  the  details  of  the  work  already  described  will 
perhaps  be  of  value  to  those  interested  in  a  further  consideration  of 
this  electrical  installation. 

Storage  Batteries. — Mr.  Wilgus  has  explained  that  storage  batteries 
were  installed  as  an  insurance  against  interruption  to  the  train  service ; 
this  value  was  strikingly  illustrated  a  few  months  ago,  when,  during 
the  most  severe  wind  storm  in  this  locality  for  many  years,  several 
telegraph  poles,  which  were  on  a  high  bank  above  the  aerial  trans- 
mission lines,  were  blown  down,  and  one  pole,  with  its  numerous  tele- 
graph wires,  hung  suspended  on  the  11 000-volt  aerial  transmission 
lines.  The  effect  was  to  open  instantly  the  circuit,  breakers  in  the 
power-station,  and  the  safety  devices  in  the  sub-stations  automatical];^ 

*  Electrioal  Engrineer.  New  York  Central  and  Hiulsoii  River  Railroad. 
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Mr.  Katte.  disconnected  from  the  load  every  rotary  converter  on  the  system.  The 
batteries  were  "floating"  on  the  bus-bars,  and  immediately  took  up 
the  train  load,  and  there  was  no  interruption  to  service.  The  load 
despatcher,  knowing  that  the  batteries  would  carry  the  load  for  a 
sufficient  time,  was  able,  in  an  orderly  manner,  to  locate  the  cause  of 
the  trouble  and  then  direct  the  various  operators  in  charge  of  the 
several  sub-stations  how  to  start  up  and  throw  in  their  rotaries  and 
pick  up  the  load. 


CURVES  SHOWING  DIVISION  OF  LOAD  BETWEEN   ROTARIES  AND  BATTERY. 
TWO  1500  K.W.   ROTARIES  RUNNING. 

BATTERY  HAS  67  TYPE    'R'-PLATES.  AND  rS  EQUIPPED  WITH  CARBON  REGULATOR. 

READINGS  TAKEN  AT  INTERVALS  OF  5  SECONDS. 

SUBSTATION  No.  2.  AUG.  7.   1907. 
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Another  reason  mentioned  by  'Mr.  Wilgus  for  installing  storage 
batteries  was  to  relieve  the  rotary  converters  and  generators  from  the 
sudden  fluctuation  of  load  due  to  the  starting,  stopping  and  passing  of 
heavy  trains.  That  this  has  been  effectually  accomplished  wiU  be 
apparent  from  the  diagram.  Fig.  8,  taken  from  actual  readings  at  one 
of  the  sub-stations,  the  heavy  line  representing  the  output  of  the  sub- 
station and  the  "fine  line  indicating  the  load  on  the  rotaries,  the  heavy 
fluctuations  having  been  taken  up  by  the  battery.  The  readings  were 
tfiken  at  5-sec.  intervals  for  a  period  of  10  min. 
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Aerial  Transmission  Lines. — Mr.  Wilgus  has  referred  to  the  reli-  Mi  Kntt. 
ahility  of  well-built  aerial  lines.  Aside  from  the  one  instance  just 
referred  to,  wlien  telegraph  poles  fell  on  the  line,  there  has  never  been 
an  interruption  in  the  high-tension  aerial  circuits;  and  it  is  of  in- 
terest to  note  that  the  interruption  mentioned  only  interfered  with  one 
circuit,  and  the  amount  of  damage  to  that  circuit  was  the  mechanical 
breaking,  by  the  swaying  by  the  telegraph  pole,  of  three  out  of  seven 
strands  of  ore  conductor.  It  is  the  practice  of  this  company  to  place 
the  aerial  transmission  lines  on  the  opposite  side  of  the  right  of  way 
from  the  telegraph  poles,  but,  at  the  location  above  cited,  it  was  neces- 
sary, for  a  space  of  three  pole  lengths. 


0 


DIAGRAM  OF  HIGH-TENSION 
TRANSMISSION  CIRCUITS 

N.  Y.C.   A  H.R.  R.R. 


to  place  the  telegraph   and  transmis- 
sion line  poles  on  the  same  side. 

High-Tension  Distribution  Sys- 
tem.— The  11 000-volt  circuits  have 
been  laid  out  to  afford  the  maxi- 
mum flexibility  with  the  minimum 
quantity  of  copper  from  the  two  main 
generating  stations  to  the  eight  sub- 
stations. From  the  diagram.  Fig.  9, 
it  will  be  noted  that  each  sub- 
station, with  the  exception  of  the  out- 
lying stations,  Nos.  6  and  8,  has 
a  direct  circuit  from  the  adjoining 
power-station,  and  in  the  case  of 
Sub-stations  Nos.  6  and  8,  the  supply 
is  from  direct  feeders  through  Sub- 
stations Nos.  5  and  7.  Each  sub- 
station is  fed  by  two  or  more  inde- 
pendent circuits,  and  in  such  a  man- 
ner that  either  power-station  can  feed 
any  sub-station.  The  more  important 
sub-stations,  namely,  Nos.  1,  2,  and  7, 
which  supply  current  to  the  congested 
Harlem  Division,  are  each  fed  by  at 
least  two  circuits  direct  from  the 
power-station.  The  duplicate  circuits  are  entirely  independent,  being- 
located  on  the  two  sides  of  the  right  of  way,  so  that  an  accident  to  one 
circuit  could  not  possibly  affect  the  other. 

Power-Stations. — In  addition  to  what  Mr.  Wilgus  has  said  regard- 
ing the  power-stations,  a  feature  has  been  made  of  the  sectioualizing 
of  each  unit.  Each  turbo-generator,  w-ith  its  condenser,  auxiliary  ap- 
paratus, boilers,  feed  pumps,  etc.,  is  a  complete  unit,  and  can  be  isolated 
from  other  units  in  the  station  in  case  of  trouble.  This  is  true  of  the 
piping  arrangement  as   well   as  of  the  electrical  connections.     These 
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Mr.  Katte.  features  are  illustrated  in  the  general  piping  plans,  Plate  XXIII,  and 
the  wiring  diagram,  Plate  XXIV. 

Switch-Houses. — The  separate  switch-houses  are  a  distinctive  feature 
of  the  Port  Morris  and  Yonkers  power-stations,  and  contain  several 
Dovel  features,  although  the  idea  of  separate  houses  is  not  new,  having 
been  used  at  the  Fisk  Street  Station,  in  Chicago.  The  two  switch- 
houses,  in  generic  principles,  are  the  same,  although  the  layout  is  dif- 
ferent in  each.  Plates  XXV  and  XXVT  illustrate  the  salient  features 
of  the  Port  Morris  switch-house.  From  the  plans  it  will  be  noted  that 
the  low-tension  or  control  wiring  is  kept  separate  from  the  high-tension 
circuits,  thus  eliminating  all  danger  in  making  repairs  to  these  cir- 
cuits. By  the  use  of  barriers,  every  precaution  has  been  taken  to  pro- 
tect attendants  from  short-circuit  flashes  in  the  high-tension  compart- 
ments. The  elevation  shows  clearly  the  use  to  which  the  building  has 
been  put,  the  sub-basement  being  devoted  entirely  to  conduits  and 
manholes.  The  basement,  which  is  on  the  same  level  as  the  main 
floor  of  the  generating  station,  contains  the  bus-bar  compartments, 
and  the  floor  above  is  given  up  to  the  oil-switches,  switch-boards  and 
bench-boards.  The  second  floor,  which  is  on  the  level  of  the  switch- 
board gallery,  and  is  connected  thereto  by  a  bridge,  contains  the  load 
despatcher's  office,  the  exciter  storage  battery,  the  heating  and  ven- 
tilating system,  locker-rooms,  and  storerooms. 

Suh-Stations. — In  the  present  electrification  scheme  there  are  eight 
sub-stations,  located  at  the  most  economical  load  centers.  Five  of  these 
stations  are  now  complete,  and  four  are  in  daily  service.  The  general 
principles  governing  the  design  of  all  the  sub-stations  are  the  same,  al- 
though the  detailed  arrangements  vary  somewhat  in  each  particular 
case.  The  general  features  are  shown  in  the  typical  drawing,  Fig.  10. 
As  in  the  design  of  the  power-stations,  the  sectionalized-unit  system 
has  been  carried  out,  as  far  as  possible,  and  each  rotary  converter,  with 
its  transformers,  switctieo,  etc.,  is  as  independent  as  conditions  will 
permit.     The  typical  sub-station  wiring  diagram  is   shown  on  Plate 

xxvn. 

Third-Bail. — The  imder-running  third-rail  has  now  successfully 
passed  through  the  snow  and  sleet  storms  of  three  winters,  the  first  year 
at  the  experimental  track,  west  of  Schenectady,  and  two  years  in  actual 
service  in  New  York  where  about  90  miles  are  in  daily  use.  There 
has  not  been  a  single  instance  of  a  moment's  delay  due  to  sleet  or  ice 
on  the  third-rail,  or  snow  interfering  with  collecting  the  current  or  the 
passing  of  trains.  The  adequacy  of  the  third-rail  protection  is  illus- 
trated by  the  fact  that  not  a  single  patron  of  the  road  has  been  injured 
on  account  of  contact  with  the  third-rail,  and  but  few  employees,  while, 
in  every  instance  of  injury,  it  has  been  due  to  gross  carelessness  or 
negligence  on  the  part  of  the  employee  injured. 

Low-Tension  Feeder  System. — The  direct  current  is  in  all  cases  fed 
to  the  third-rail  tlirough  circuit  breakers  which  are  controlled  from 
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Mr.  Katte.  the  nearest  sub-station,  and  the  entire  third-rail  system  is  paralleled  by 
auxiliary  direct-current  cables;  this  permits  cutting  out  all  third-rails 
in  a  given  section,  and  feeding  around  through  the  auxiliary  cables  to 
adjoining  sections  for  the  operation  of  trains  on  either  side  of  the  dead 
section.  The  diagram  of  positive  feeders,  Plate  XXVIII,  shows  the 
various  connections  to  the  third-rails  and  the  auxiliary  cables.  Oppo- 
site each  sub-station,  except  the  end  ones,  there  is  an  isolated  section  of 
third-rail  sufficiently  long  to  take  the  longest  multiple-unit  trains.  The 
purpose  of  this  isolated  section  is  to  prevent  a  train  bridging  from  a  live 
rail  to  a  dead  third-rail  section,  on  which  section  there  may  have  been 
an  accident,  or  on  which  men  may  be  working,  and  further,  to  prevent 
bridging,  two  sections  of  third-rail  in  which,  because  of  their  being 
fed  by  different  sub-stations,  there  might  be  a  difference  of  potential 
and  thus  cause  the  blowing  of  the  motor  fuses  in  the  train. 

Precautionary  Devices. — Among  the  devices  to  ensure  safety  to 
the  system  may  be  mentioned  the  indicating  wire  which  has  been  woven 
into  the  protecting  braiding  of  the  direct-current  cables  along  the  Park 
Avenue  Viaduct  and  through  the  Park  Avenue  Tunnel.  The  function 
of  this  wire  is  to  trip  the  circuit  breakers  and  notify  the  sub-station 
attendants  by  the  ringing  of  a  gong  should  a  short  circuit  occur  of 
sufficient  severity  to  cause  burning  or  injury  to  the  cable,  but  not 
involving  a  quantity  of  current  which  would  open  the  circuit  breakers 
on  an  over-load.  The  need  of  this  device  was  demonstrated  last  year 
on  the  Park  Avenue  Viaduct  when  a  defective  joint  in  a  direct-current 
cable  failed,  and,  because  of  the  disobedience  of  an  attendant  to  follow 
an  order,  all  the  switches  to  clear  the  short  circuit  were  not  promptly 
opened.  The  burning  continued  for  some  time  because  the  quantity 
of  current  flowing  was  not  of  sufficient  volume  to  open  the  over-load 
circuit  breakers,  which,  necessarily,  have  to  be  set  to  carry  large  quan- 
tities of  current  for  the  regular  handling  of  heavy  trains. 

A  safety  device  installed  in  the  Park  Avenue  Tunnel  consists  of  a 
cord,  running  parallel  to  all  tracks,  and  connecting  with  signal  alarm 
boxes.  If  for  any  reason  it  becomes  necessary  to  cut  off  current 
quickly  from  any  third-rails,  a  pull  on  the  safety  cord  will  open  the 
circuit  breakers  feeding  that  section  of  third-rail,  and  at  the  same 
time  will  notify  the  attendant  at  the  sub-station  that  the  third-rail 
has  been  cut  out. 
r.  Mm  ray.  W.  S.  MuRRAY,  EsQ.* — The  thanks  of  the  railway  engineering 
fraternity  are  due  to  Mr.  Wilgus  for  this  paper. 

The  author's  theme  is  broad,  and  in  the  accomplishment  of  the 
results  severally  cited,  the  speaker  joins  in  the  general  assent  regard- 
ing the  marked  successes  which  rightfully  have  been  obtained  in  this 
stupendous  work. 

Only  about  half  a  page  of  this  paper  is  devoted  to  conclusions  with 
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which  tliG  speaker  is  not  in  perfect  agreement,  and  as  there  is  such  a  Mr.  .Hurray. 
small  difference  of  opinion — in  space  at  least — he  will  waive  further 
comments. 

In  order  not  to  be  misunderstood  in  this  matter,  the  speaker  must 
slate  first  that,  given  the  New  York  Central  zone  of  electrification, 
free  for  a  decision  as  to  the  form  to  be  adopted,  he  believes  that  a 
majority  of  the  best  ihformed  electrical  engineers  of  America  would 
to-day  cast  their  ballots  in  favor  of  single-phase  electrification.  If 
this  statement  causes  surprise,  it  should  be  at  once  explained  that 
it  is  not  because  the  speaker  has  not  been  of  this  opinion  ever  since 
the  New  Haven  road  made  its  decision  as  to  the  form  of  electric 
traction  it  would  adopt,  but  because  he  could  find  no  reason  to  criticise 
what  had  already  been  accomplished.  Mr.  Wilgus  makes  the  follow- 
ii:g  statement: 

"The  wisdom  of  adhering  to  the  type  of  equipment  already  chosen 
has  been  proven  by  recent  comparative  tests  of  locomotives  of  the 
two  types  under  exactly  the  same  conditions,  which  demonstrate  that 
the  one  designed  only  for  direct  current  consumes  from  15  to  25% 
less  current  than  the  one  intended  for  use  on  both  systems.  This  will 
effect  a  saving  to  the  company  of  at  least  $140  000  per  annum." 

This  statement  deserves  careful  analysis.  Before  discussing  this 
item  of  economy,  which,  as  stated  later,  becomes  $300  000  per  annum, 
a  previous  paragraph  on  the  same  page  will  be  mentioned,  in  which 
are  discussed  the  three  principal  reasons  for  adopting  the  direct-current 
system. 

(1). — The  insufficient  practical  development  of  the  alternating- 
current  system  for  a  trunk-line  problem  requiring  absolute  reliability 
of  service ; 

(2). — Restricted  clearances,  which  forbade  the  use  of  overhead 
conductors ; 

(3). — The  legal  obstacles  to  the  use  of  overhead  trolley  wires  carry- 
ing high  voltages  within  the  limits  of  the  City  of  New  York. 

(1). — Under  "Reasons  for  Electrification  of  New  York  Central," 
Mr.  Wilgus  has  stated  that  legislative  action  required  the  complete 
abandonment  of  the  steam  locomotive  in  Park  Avenue,  south  of  the 
Harlem  River,  within  a  period  of  five  years,  terminating  July  1st, 
1908.  He  also  states  that  the  change  of  motive  power  for  schedule 
trains  was  completed  on  July  1st,  1907;  thus,  three  or  four  years 
after  the  date  of  the  decision  to  electrify,  commercial  trains  were 
placed  on  schedule  one  year  before  the  date  required  by  the  State  of 
New  York.  A  year  previous  to  the  decision  of  the  New  York  Central 
to  electrify,  a  paper  was  read,  before  the  American  Institute  of  Elec- 
trical Engineers,  by  Mr.  Benjamin  G.  Lamme,  Chief  Engineer  of  the 
Westinghouse  Electric  and  Manufacturing  Company,  descriptive  of 
the   Washington,   Baltimore,    and   Annapolis   single-phase   railway,    in 
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Mr.  Murray,  which  diagrammatic  power  connections  were  shown,  fundamentally  in 
principle,  as  adopted  to-day,  together  with  practical  data,  in  the  form 
of  traction,  speed,  power-factor,  and  efficiency  curves.  It  seems  to  the 
speaker  that  the  State  of  New  York  would  probably  have  been  satis- 
fied if  the  full  time  allowed  had  been  taken,  and,  instead  of  being  one 
year  ahead  in  operation,  thought  had  been  devoted  to  the  single-phase 
proposition.  If,  at  the  expiration  of  this  year,  the  author  did  not 
believe  the  art  had  been  sufficiently  advanced  for  its  adoption,  the 
speaker  believes  that  his  first  reason  would  not  have  existed. 

(2). — Restricted  clearances,  which  forbade  the  use  of  the  overhead 
conductors :  There  is  a  zone  in  which  this  matter  has  been  handled. 
Where  the  author  can  point  to  one  restricted  clearance  on  his  line, 
the  speaker  can  point  to  five  on  the  New  Haven  road,  and  does  not 
doubt  but  that  the  overhead  obstacle  clearance  on  the  New  Haven  will 
be  found  to  be  closer  to  the  rails.  The  answer  to  this  can  be  antici- 
pated : — the  overpowering  argument — how  would  the  Park  Avenue 
Tunnel  be  electrified?  How  have  the  Simplon  Tunnel,  the  Samia 
Tunnel  and  other  tunnels  been  electrified?  All  these  have  restricted 
clearances,  and  yet  there  is  nothing  mystifying  or  difficult  about  the 
installation  of  overhead  conductors  under  clearances  of  this  character. 
In  short,  unless  the  clearances  in  parts  of  the  New  York  Central 
electrification  zone,  other  than  those  over  which  the  New  York,  New 
Haven  and  Hartford  trains  operate,  are  of  a  character  strangely  dif- 
ferent, the  speaker  would  undertake  to  install  the  overhead  type  of 
construction. 

(3). — The  legal  obstacles  to  the  use  of  overhead  trolley  wires  carry- 
ing high  voltages  within  the  limits  of  the  City  of  New  York:  Even 
before  that  organization  knovni  as  the  Gas,  Water,  and  Electric  Light 
Commission  was  dissolved  by  the  bill  introduced  and  adopted  under 
the  present  administration,  Mr.  Wilgus  elected  to  erect  his  overhead 
conductors  within  the  limits  of  the  City  of  New  York,  and  chose  for 
their  location,  not  points  over  the  part  of  the  railroad  company's 
right  of  way,  where  their  traffic  is  most  dense,  but  at  its  edges,  and 
there  his  transmission  lines  are  carrying  11  000  volts.  Why,  therefore, 
if  these  voltages  can  be  assimilated  by  the  City  of  New  York  on  the 
edges  of  the  right  of  way,  can  they  not  be  tolerated  toward  the  center 
of  that  strip  of  land,  which  will  place  them  farther  from  the  public  ? 
The  speaker  ventures  the  assertion  that  now  that  the  State  of  New 
York  controls  its  public  service  corporations  by  a  Public  Utilities 
Commission,  it  will  confirm  Mr.  Wilgus'  action  in  placing  these  high- 
tension  wires  on  the  New  York  Central  Company's  right  of  way,  even 
if  he  has  elected  to  place  them  as  near  as  possible  to  the  public.  In 
connection,  also,  with  the  question  of  high  voltage,  this  discussion 
would  not  be  complete  without  a  reference  to  such  towns  as  Windsor, 
Ont.,  Hanover,  Pa.,  Colfax,  Wash.,  Palouse,  Wash.,  Connersville,  Ind., 
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Kiishvillo,  Tnd.,  Greonsburg,  Iiul.,  Shelbyville,  Ind.,  Napa,  Cal.,  Mr.  Mun-Hy. 
Vallejo,  Cal..  Exoter.  Cal.,  and  Kocliestor.  N.  Y.,  where  single-phase 
systems  are  installed  to-day.  In  all  but  Kochester,  N.  Y.,  the  voltage 
in  the  trolley  wires  varies  from  3  300  to  6  600  volts,  not  in  restricted 
territory  devoted  exclusively  to  the  terminals  of  the  respective  roads, 
or  private  right  of  way,  but  in  the  streets  and  highways.  If  high 
voltage  brings  with  it  high  efficiency,  smaller  currents  to  be  collected, 
smaller  fixed  charges,  and  in  consequence  of  its  physical  attributes, 
lower  operating  costs,  there  can  be  but  one  argument  against  it.  It 
is  granted  that  the  argument  of  safety  is  one  deserving  the  greatest 
consideration.  But  is  it  not  true  that  the  greatest  source  in  the  agita- 
tion of  this  question  of  safety  is  prejudice?  Every  electrical  engineer 
will  agree  that  100  000  volts  can  be  placed  on  a  trolley  with  perfect 
safety  if  beyond  peradventure  of  a  doubt  two  conditions  are  satisfied: 
(1). — That  it  is  beyond  the  reach  of  the  tallest  man;  and  (2). — That 
the  trolley  wire  will  remain  in  its  place. 

It  can  be  asserted  that  the  first  condition  on  all  roads,  as  far  as 
the  public  is  concerned,  is  satisfied.  As  concerns  the  second  requisite, 
on  the  1  000  miles  of  high-voltage  trolley  that  have  been  installed  to 
date,  the  speaker  has  yet  to  learn  of  a  citizen,  not  employed  by  the 
railroad,  whose  life  has  been  forfeited  on  account  of  this  form  of 
electrification.  These  statistics  will  dictate  the  use  of  the  high-voltage 
system,  as  they  controvert  the  only  argument  that  stands  in  its  way 
to-day.  This  is  the  day  of  civic  reform.  Political  control  of  ap- 
pointments of  public  officers  who  are  to  regulate  public  service  cor- 
porations will  soon  be  a  thing  of  the  past.  The  States  will  see  the 
advantage  of  the  appointment  of  high-salaried  engineers,  whose  in- 
tegrity will  be  a  guaranty  that  the  practices  of  the  past  will  be 
abandoned,  and  in  consequence  the  railroads  of  this  country  will  be 
urged  to  present  arguments  based  upon  facts  rather  than  prejudices; 
and,  while  the  City  of  New  York  and  other  cities  may  not  yet  adopt 
bigh- voltage  trolleys,  such  men,  when  convinced  that  railroad  com- 
panies can  secure  greater  economies  in  their  several  operating  depart- 
ments by  the  use  of  the  high-voltage  trolley,  will  allow  its  use  within 
the  restricted  zones  included  in  terminal  and  right-of-way  property. 

Returning  to  the  matter  of  the  saving  of  $300  000  per  annum,  on 
account  of  the  adoption  of  an  electric  engine  designed  for  exclusive 
use  on  direct  current  instead  of  one  which  is  operative  on  either  direct 
or  alternating  current,  and  before  referring  to  data  of  actual  record 
concerning  the  economies  of  these  two  classes  of  engines,  the  speakei' 
wishes  to  ask  Mr.  Wilgus  why  he  compares  the  direct-current  loco- 
motive with  the  locomotive  which  is  operative  with  either  class  of 
current?  Why  not  compare  the  direct-current  locomotive  with  the 
alternating-current  locomotive?  The  author  makes  a  comparison  be- 
tween two  locomotives,  one  of  which,  by  necessity,  performs  two  func- 
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Mr.  Murray,  tions  to  its  competitor's  one.  In  spite  of  this,  however,  the  inherent 
law  which  requires  that  a  machine,  in  order  to  be  a  good  alternating- 
current  motor  must  necessarily  be  a  good  direct-current  motor,  has 
been  demonstrated  in  the  records  of  the  electric  meters  installed  on 
the  New  Haven  locomotives  for  measuring  the  power  while  handling 
the  trains  in  the  New  York  Central  zone. 

While  tests  could  be  conducted  to  show  that  either  locomotive  would 
carry  a  given  trailing  load  from  the  Grand  Central  Station  to  Wood- 
lawn  at  the  expenditure  of  a  less  number  of  kilowatt-hours  than  the 
other,  such  tests,  unless  conducted  over  a  long  interval,  are  valueless, 
but  Table  5  is  the  record  for  the  month  of  February,  showing  the 
energy  consumption  upon  which  the  New  Haven  road  is  billed  by  the 
New  York  Central  Company,  and  is  of  value. 


I 


TABLE  5. — Total  Kilowatt  Consumption  for  Electric-Train  Serv- 
ice IN  New  York  Central  Zone. 


Date. 
February. 

Direct 

current. 

hours. 

Direct 
current, 
miles. 

Total 
tonnage. 

Passengers 
carried. 

Number  of 

commercial 

trains. 

1 

7  110 

564 

11.384 

7  961 

40 

2 

4650 

420 

7  148 

5196 

21 

3 

6  880 

552 

n  116 

9  190 

39 

4 

7  010 

540 

11388 

7  708 

38 

5 

8110 

600 

11  666 

8  401 

44 

G 

7  490 

5f)4 

12  205 

8  639 

42 

7 

7  750 

600 

tl  087 

9  611 

44 

8 

8  860 

660 

14  114 

11270 

46 

9 

4  150 

396 

7  295 

5131 

21 

10 

5  690 

45S 

9  231 

7  515 

35 

11 

5  360 

420 

8  314 

6  578 

32 

la 

6  430 

588 

12  018 

7  415 

43 

13 

7900 

648 

13  261 

10  536 

48 

14 

8  290 

624 

13  757 

10  973 

46 

15 

9  030 

736 

15  932 

12  055 

50 

16 

4  730 

iSZ 

7  778 

5  628 

21 

17 

8  760 

660 

9008 

11  790 

46 

18 

8.530 

624 

13  463 

11  112 

45 

19 

8  730 

696 

14  285 

10  432 

48 

20 

7  890 

624 

13  851 

10  957 

46 

21 

8  650 

672 

14  607 

12  098 

48 

22 

8  910 

784 

15  494 

8  094 

49 

23 

4  230 

360 

6  607 

4  575 

18 

24 

8  610 

672 

14  561 

118.33 

47 

25 

7  840 

660 

14  412 

11  448 

48 

26 

7  610 

6.36 

14  412 

10  860 

48 

27 

9  310 

660 

14  547 

11  733 

48 

28 

8  780 

684 

14  629 

11844 

48 

29 

8  580 

756 

16  332 

12  887 

50 

215  860 

17  388 

354.399 

273  469 

1  197 

Average  watt-hours  per  ton-mile  =  41.9. 

The  speaker  does  not  wish  to  enter  here  upon  a  theoretical  discus- 
sion of  the  rate  of  energy  required  to  discharge  a  given  schedule,  but 
wishes  to  point  out  the  fact,  well  known  by  all  electrical  traction  en- 
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gineors,  that  slow-downs  or  stops  not  included  in  the  regular  schedule  Mr.  Murray. 
between  any  two  points  always  increase  the  amount  of  energy  required. 
Neither  the  committee  of  which  the  speaker  was  a  member,  nor  the 
several  others  that  followed  in  rapid  succession,  could  arrive  at  a 
mutually  agreeable  conclusion  as  to  an  equitable  rate  the  New  Haven 
road  should  pay  the  New  York  Central  for  power,  and  it  was  seen,  if 
power  was  to  be  purchased  at  the  electric  locomotive  shoes,  that  the 
rates  would  have  to  be  settled  by  an  impartial  committee.  A  firm  of 
high  standing  in  engineering  circles  was  engaged  by  the  two  com- 
panies, and  the  question  of  delays  and  stops  included  between  the 
Grand  Central  Station  and  Woodlawn,  played  so  important  a  part 
in  the  consideration  of  a  mutual  basis  of  agreement  between  the  two 
companies,  that  the  New  Haven  road  was  requested  to  accept  six  slow- 
ups  and  five  stops  between  South  Mt.  Vernon  and  the  Grand  Central 
Station,  and  six  slow-ups  between  Grand  Central  Station  and  South 
Mt.  Vernon;  and  the  estimated  rate  of  consumption,  which  that  road 
was  requested  to  accept  as  a  determining  factor  for  the  amount  of 
capacity  that  should  be  reserved  for  it  in  the  Port  Morris  Station, 
was  at  the  rate  of  68  watt-hours  per  ton-mile.  As  shown  in  Table  5. 
the  average  was  41.9  watt-honrs  per  ton-mile.  The  estimated 
amount  is  thus  62%  greater  than  the  actual  amount  measured,  and  it 
has  occurred  to  the  speaker  that  Mr.  Wilgus  may  have  also  been  mistaken 
about  the  relative  amoimt  of  current  taken  by  the  two  types  of  loco- 
motives. Mr.  Wilgus  has  given  33.9  watt-hours  per  ton-mile  in  his 
table  of  comparative  tests  of  steam  and  electrical  locomotives  in 
switching  and  hauling  service.  These  figures  are  in  a  manner  a  con- 
firmation of  his  statement,  and  yet  these  represent  figures  in  a  test 
covering  only  two  trains  for  two  weeks.  The  New  Haven  figures 
cover  an  equipment  necessary  to  the  haulage  of  as  many  as  fifty  trains 
per  day  during  a  period  of  one  month,  and,  in  addition,  are  the  basi:? 
of  the  New  York  Central  charge  for  current.  It  should  be  added, 
also,  that  in  actual  test  the  speaker  has  seen  the  New  Haven  loco- 
motives perform  the  same  schedule  as  the  one  mentioned  by  Mr. 
Wilgus,  at  an  energy  rate  of  consumption  not  greater  than  the  figures 
mentioned  by  him.    It  can  be  done. 

In  Mr.  Wilgus's  statement  of  a  $300  000  saving  per  annum  (which 
the  speaker  has  reason  to  believe  is  zero  instead  of  this  large  amount), 
there  is  no  mention  of  the  attendant  fixed  charge  of  the  system  pro- 
ducing the  saving.  In  order  to  prorate  properly  the  operating  and 
fixed  charges  of  the  electrical  distributing  system  jointly  used  by  the 
two  companies  between  Woodlawn  and  Grand  Central  Station,  a  dis- 
tance made  up  of  12  miles  of  four-track  railroad,  it  was  necessary 
for  the  New  Haven  Compar.y  to  audit  the  construction  charges  of  the 
New  York  Central  Company.  This  duty  devolved  upon  the  speaker. 
Exclusive  of  power-house  and  motive  power  (and,  incidentally,  the  New 
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Mr.  Murray.  Haven  alternating-current-direct-current  locomotive  cost  less  than  the 
New  York  Central  locomotive,  notwithstanding  the  continuous  capaci- 
ties of  the  two  machines  are  very  nearly  the  same),  the  cost  per  mile 
of  electrification  is  in  the  ratio  of  5  to  1.  It  is  true  that  much  of  this 
cost  is  made  up  of  land,  which  was  necessary  for  sub-stations,  and 
thousands  of  pounds  of  copper,  but  it  should  be  remembered,  in  com- 
paring it  with  the  single-phase  system,  that  in  the  latter  these  require- 
ments are  practically  dispensed  with.  Sub-stations  are  reduced  to 
zero,  and  copper  to  a  minimum,  and  so  the  speaker  thinks  that  in 
mentioning  this  increase  of  power  required  to  operate  New  Haven 
locomotives,  this  attendant  factor  of  five  times  the  fixed  charge  should 
be,  at  least,  mentioned. 

As  much  in  importance,  after  considering  the  fixed  charge  of  an 
installation,  is  the  cost  of  operation.  Again,  in  virtue  of  the  necessity 
of  the  close  co-operation  of  the  two  companies,  in  so  far  as  the  audit- 
ing of  accounts  is  concerned,  figures  appertaining  to  this  interesting 
subject  necessarily  passed  through  the  hands  of  the  speaker.  It  was 
found  that  for  12  miles  of  four-track  road  there  is  a  charge,  for  main- 
tenance and  operation,  of  five  times  the  amount  the  New  Haven  road 
pays  to  maintain  and  operate  21  miles.  Although  he  has  the  exact 
figures  covering  the  disbursements  necessary  to  the  installation  of 
each  form  of  distributing  system,  he  has  not  felt  justified  in  present- 
ing these  figures  at  this  time.  However,  the  ratios  mentioned  serve 
the  same  purpose. 

In  conclusion  it  should  be  stated  that  the  principal  object  of  the 
New  Haven  engineers  has  been  simplicity.  True,  the  use  of  the  direct 
current  on  the  rails  over  which  their  locomotive  had  to  operate  was  a 
sort  of  kink  in  the  wire,  but  they  were  not  responsible  for  this,  nor 
has  it  carried  any  especial  terror  to  their  hearts,  and  had  it  not  been 
superimposed  upon  them,  like  the  other  parts  of  the  system,  the  con- 
trol in  their  locomotives  would  have  been  simplicity  itself. 

Mr.  Wilgus  has  spoken  of  the  violent  fluctuations  of  the  load  on  the 
power-station  and  sub-stations,  which  are  corrected  by  the  use  of  storage 
batteries.  On  the  twenty-one  miles  of  the  New  Haven  road  there 
are  no  storage  batteries,  but,  due  to  the  high  efficiency  of  transmission 
and  the  prompt  regulation  of  the  generators  at  the  power-station  for 
fluctuating  loads,  even  at  the  western  terminus,  the  most  distant  from 
the  power-station,  the  voltage  seems  to  be  practically  as  stiff  as  at 
Cos  Cob. 

In  yards,  a  light  but  strong  cross-catenary  form  of  construction  is 
readily  applicable  to  this  branch  of  electrification.  The  question  of 
dodging  the  third-rail  no  longer  confronts  the  yard  hand.  There  is 
8  ft.  of  good  air  between  the  trolley  wire  and  the  tops  of  the  freight 
cars,  thus  providing  clearance  for  the  tallest  man. 

The  speaker's  argument  has  been  based  upon  official  data,  for  the 
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purpose  of  controverting  the  statements  made  against  the  alternating-  Mr.  Murray, 
current  system,  and  he  is  willing  to  go  on  record  tliat  the  near  future 
will  see  the  high-voltage  distribution  system,  with  its  attendant  alter- 
nating-current locomotive,  propelling  trains  from  and  between  the 
terminals  of  cities  where  the  density  of  traffic  is  sufficient  to  warrant 
the  increased  fixed  charges  for  electric  traction. 

George  A.  Harwood,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper,  Mr.  Har«oo(i. 
for  the  period  which  it  covers,  is  so  complete  that  little  can  be  added. 
Some  features  of  the  improvement,  however,  which  have  been  taken  up 
since  the  paper  was  prepared,  may  be  of  interest.     The  most  important 
of  these  is  the  removal  of  the  train-shed  of  the  Grand  Central  Station. 

It  was  originally  contemplated  that  traffic  would  be  transferred  to 
the  new  east  side  station  before  it  became  necessary  to  remove  the  old 
train-shed.  This  was  prevented  by  the  increase  in  traffic  and  the 
progress  of  the  excavation.  Last  fall,  therefore,  it  was  decided  to  re- 
move the  shed  while  the  through  passenger  trains  of  the  New  York 
Central  and  the  through  and  local  trains  of  the  New  Haven  continued 
to  use  the  old  station. 

It  is  proposed  to  remove  all  of  the  shed  north  of  the  passenger  wait- 
ing-room. The  length  of  this  portion  is  about  600  ft.,  and  consists  of 
wrought-iron  arches,  the  material  for  which  was  imported  from  Eng- 
land and  erected  in  1870.  The  arches  are  built  in  the  form  of  a  truss, 
the  section  being  about  4  ft.  from  back  to  back  of  chord  tees.  They 
have  a  span  of  200  ft.  1  in.,  from  center  to  center  of  pins,  with  a  clear 
distance  of  85  ft.  from  the  top  of  the  platform  to  the  under  side  of 
the  arch.  The  bottoms  of  the  arches  are  tied  together  under  the  tracks 
with  3-in.  rods.  The  distance  from  center  to  center  of  arches,  longi- 
tudinally, is  20  ft.  3J  in.  The  details  of  construction  are  shovsna  on 
Plate  XXIX.  There  are  about  1  350  tons  of  wrought  iron,  350  tons  of 
east  iron,  90  000  sq.  ft.  of  corrugated-iron  roofing,  60  000  sq.  ft.  of 
glass,  and  530  000  brick  to  be  taken  down,  loaded  into  cars  and  removed 
from  the  terminal  without  interference  with  the  regular  business. 

To  accomplish  this,  and  reduce  to  a  minimum  the  possibility  of  ac- 
cident by  falling  material,  it  was  decided  to  erect  a  traveler,  the  out- 
lines of  which  would  conform  to  the  general  contour  of  the  train-shed, 
spanning  all  platforms,  with  heavy  floors  extending  the  entire  width 
of  the  shed.  The  supports  for  the  traveler,  details  of  which  are  indi- 
cated on  Plate  XXX,  rest  on  the  five  intermediate  platforms,  and  are 
carried  on  heavy  cast  wheels  which  roll  on  standard  100-lb.  rails.  The 
load  on  each  platform,  including  the  weight  of  two  t)f  the  train-shed 
trusses,  is  200  tons,  this  being  distributed  over  the  entire  width  of  the 
platform  by  ties  supporting  the  rail,  and  covered  with  temporary  plank- 
ing so  as  not  to  interfere  with  the  use  of  the  platform  for  regular  busi- 
ness. The  traveler  contains  370  000  ft.,  b.  m.,  of  lumber,  65  tons  of 
bolts  and  washers,  and  33  tons  of  plates  and  castings.    It  has  a  length 
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.Mr.  Harwood.  of  65  ft.,  which  will  permit  of  blocking  up  two  of  the  shed  trusses  on 
it  at  the  same  time.  It  is  equipped  with  six  stiff-leg  derricks  which 
are  operated  by  two  engines.  Flaps  are  hung  on  the  sides,  from  the 
first  platform  level,  to  protect  passengers  on  the  outside  station  plat- 
forms. The  south  face  is  boarded  over,  forming  a  false  end  for  the 
train-shed  as  the  traveler  moves  south.  The  material  was  all  framed 
at  the  company's  yard  at  Harmon.  Portions  ready  for  erection  were 
then  brought  into  the  station  and  set,  up  to  the  elevation  of  the  first 
floor,  at  night.  After  this  had  been  placed,  the  remainder  of  the 
traveler  was  erected  during  the  day,  the  members  being  brought  in  and 
lifted  to  the  first-floor  level  at  night. 

Fig.  11  indicates  the  general  method  of  procedure.  As  fast  as 
the  traveler  is  moved  south  it  is  followed  up  with  temporary  wooden 
canopies,  thus  subjecting  the  platforms  to  a  minimum  amount  of  ex- 
posure. As  soon  as  the  traveler  has  been  moved  to  a  new  position  and 
blocked  up,  two  train-shed  trusses  are  blocked  on  top  of  it,  and  the 
corrugated-iron  roofing,  glass,  skylights,  and  purlins  are  removed.  The 
northerly  truss  is  then  cut  into  eight  sections  by  using  hack-saws  and 
knocking  off  the  rivet  heads  at  the  joints.  The  derricks  then  place 
these  sections  on  the  traveler  platforms,  all  this  work  being  done  dur- 
ing the  day.  The  night  gang  loads  the  material  from  the  platforms  in 
cars  placed  on  the  passenger  tracks  under  the  traveler. 

The  traveler  is  moved  by  jacks,  two  15-ton  jacks  being  placed  on 
each  platform,  and  each  being  operated  by  two  men  at  signal  so  as  lo 
maintain  a  uniform  movement.  Fig.  1,  Plate  XXXI,  shows  the 
manner  of  applying  the  jacks.  The  work  is  done  in  units  of  40  ft., 
and  it  requires  5  hours  to  move  the  traveler  this  distance.  Now  that 
the  north  portal  and  the  first  few  northerly  bays  are  removed,  it  is 
expected  that  the  average  progress  will  be  about  one  truss  for  each 
4  days. 

The  taking  down  of  the  north  portal  was  the  most  delicate  part  of 
the  operation,  on  account  of  the  necessity  for  cutting  away  all  con- 
nections between  the  portal  and  the  train-shed  before  the  work  of  de- 
molishing could  begin.  The  north  end  of  the  traveler  was  constructed 
viith  beams  projecting  5  ft.  beyond  the  face.  These  were  pushed 
through  the  window  openings,  or  through  openings  cut  in  the  metal 
sheathing,  and  the  entire  portal  was  lashed  to  the  traveler.  Wooden 
troughs  were  constructed  at  the  various  platform  levels  so  as  to  pre- 
vent loose  metal  from  falling  on  the  tracks  below.  Fig.  2,  Plate  XXXI, 
is  a  progress  photograph  of  the  removal  of  the  north  portal. 

Fig.  3,  Plate  XXXI,  a  progress  photogi-aph  giving  a  general  idea  of 
the  work,  was  taken  after  the  first  two  trusses  south  of  the  north  portal 
had  been  removed,  and  shows  the  first  canopy  posts  supporting  the 
ends  of  the  old  canopy  which  existed  north  of  the  train-shed. 

Fig.  4,  Plate  XXXT,  shows  the  southerly  face  of  the  traveler,  and. 
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>lr.  Harw-ood.  tlirough  the  Openings,  the  canopy  construction  following  the  movement 
of  the  traveler  may  be  seen. 

Fig.  12  shows  the  details  of  the  temporary  canopies.  These  are  of 
the  butterfly  type,  with  a  large  overhang  so  as  to  provide  maximum 
protection. 

The  preparation  of  the  detailed  plans  and  the  execution  of  the  work 
are  under  the  charge  of  Mr.  J.  L.  Ilolst,  Engineer  of  Structures. 

DETAILS  OF  TEMPORARY  CANOPIES 
GRAND  CENTRAL  STATION. 


Mr.  Potter. 


Fig.  12. 


W.  B,  Potter,  M.  Am.  See.  C.  E. — This  paper  presents  a  compari- 
son of  steam  and  electric  operation  in  a  very  interesting  and  compre- 
hensive form,  and  the  speaker  wishes  to  express  his  appreciation  of  the 
valuable  information  given  therein. 

Reliability  of  service  under  electric  operation  is  very  properly  re- 
garded as  a  matter  of  first  consideration.  The  installation  of  dupli- 
cate power-houses  and  storage  batteries,  considered  as  an  insurance, 
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may  have  been  well  justified  by  the  importauce  of  the  traffic.     The  Mr.  Potter, 
speaker  believes,  however,  that  the  individual  generating  units  will  be 
found  to  be  a  sufficient  reserve  to  ensure  reliable  service,  and  that 
the  second  power-house  will  ultimately  be  regarded  as  simply  a  plant 
for  additional  load. 

The  type  of  electrical  equipment  for  the  rolling  stock  was  also 
selected  with  reference  to  reliability.  Neither  duplicate  power-sta- 
tions nor  batteries  would  be  of  avail  to  clear  a  block  caused  by  trouble 
with  the  rolling  stock.  The  New  York  Central  locomotive  was  designed 
to  handle  a  550-ton  train,  including  the  weight  of  the  locomotive, 
and  the  heavier  trains  were  to  be  double-headed.  Double-heading, 
however,  has  not  been  found  necessary,  a  single  locomotive  in  ordi- 
nary service  having  frequently  drawn  an  800-ton  train,  that  is, 
twelve  or  fourteen  Pullman  cars. 

Mr.  Murray  has  remarked  that  if  one  were  constantly  starting  one 
would  never  get  anywhere.  This  is  equally  true  if  one  does  not  start 
at  all.  A  successful  locomotive  must  be  capable  of  starting  the  train 
which  it  has  the  horse-power  capacity  to  haul  at  the  required  maxi- 
mum speed.  The  New  York  Central  locomotives  have  about  137  000 
lb.  on  the  drivers,  and,  with  sanded  rails,  can  exert  a  draw-bar  pull  of 
45  000  lb.,  and,  while  this  is  in  excess  of  the  usual  requirement,  it 
does  ensure  starting  under  abnormal  conditions.  The  diagram.  Fig.  2, 
given  by  Mr.  Wilgus,  shows  the  normal  acceleration  and  speed  of  the 
locomotives  with  different  weights  of  trains. 

For  the  through  trains  on  the  New  York  Central,  the  locomotive 
was  unquestionably  the  proper  motive  power,  and  for  the  local  service 
either  a  locomotive  or  multiple-unit  cars  might  have  been  used,  but 
the  selection  of  the  latter  was  undoubtedly  wise.  As  each  miiltiple- 
unit  car  can  be  moved  independently,  yard  movements  are  facilitated, 
and  also  the  making-  up  of  trains  which  are  leaving  on  close  headway, 
and,  as  either  end  of  the  train  may  be  the  head,  economies  are  effected 
in  the  way  of  extra  locomotives,  track  space,  and  switching  that  would 
be  required  in  the  case  of  locomotive  operation. 

Multiple-unit  equipment,  further,  provides  for  an  amount  of  power 
proportional  to  the  requirement.  The  speaker  doubts  whether  it  is 
appreciated  that  an  Interborough  express  train  has  the  same  motor- 
power  equipment  as  a  New  York  Central  locomotive,  and,  with  over 
50%  more  weight  on  the  drivers,  the  Interborough  trains  accelerate 
at  nearly  the  slipping  point.  The  equipment  of  each  car  with  motors 
suitable  for  the  service  makes  it  possible  to  maintain  the  schedule 
with  heavy  trains  with  the  same  certainty  as  in  the  case  of  p  single 
car. 

The  speaker  has  been  particularly  interested  in  the  author's  com- 
parison of  the  cost  of  steam  and  electricity,  as  applied  to  locomotive 
service.     His  figures   for  work   of  this   class,   as   the  estimates   fre- 
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Mr.  Pott«»r.  quently  indicate,  show  that  there  is  a  saving  in  favor  of  electricity 
which  will  be  found  in  reduced  incidental  expenses  rather  than  in 
the  cost  of  direct  operation. 

There  are  some  points  in  Mr.  Murray's  discussion  with  which  the 
speaker  does  not  agree.  The  reliability,  initial  cost,  and  cost  of  opera- 
tion, for  the  service  between  New  York  and  Stamford,  are  all  in  favor 
of  direct  current.  This  will  be  more  especially  true  if  multiple-unit 
trains  are  operated  in  the  local  service.  The  complexity  incident  to 
alternating-current  and  direct-current  operation,  and  the  relative  cost, 
as  influenced  by  the  number  of  trains  under  the  particular  conditions 
in  this  instance,  introduce  features  unfavorable  to  the  alternating- 
current  system.  The  speaker,  however,  does  not  wish  to  be  misunder- 
stood, or  to  be  regarded  as  not  favoring  the  alternating-current  system 
under  conditions  more  favorable  to  its  application.  He  thoroughly 
endorses  what  Mr.  Henderson  has  said  in  regard  to  the  importance  of 
studying  the  local  conditions  as  affecting  the  general  scheme  of  elec- 
trification, but  believes  that  greater  density  of  traffic  usually  insures 
a  greater  uniformity  of  load,  so  that  the  common  expression,  "density 
of  traffic  is  favorable  to  electrification,"  is  usually  true. 

Mr.  Wilgus  and  his  associates  are  to  be  congratulated  on  their 
success,  and  for  the  satisfactory  service  which  they  have  rendered  the 
public  in  the  work  they  have  done. 
Mr.  spiague.  Frank  J.  Sprague,  M.  Am.  Soc.  C.  E. — The  Society  is  to  be  con- 
gratulated, and  Mr.  Wilgus  complimented,  upon  the  presentation  of 
one  of  the  clearest  expositions  of  the  results  obtained  in  an  electrical 
equipment  of  great  magnitude,  under  particularly  trying  steam-rail- 
road conditions.  It  is  a  concise  and  definite  statement  of  facts,  where 
real  comparisons  are  possible,  made  in  plain  terms,  and  within  the 
reach  of  such  railroad  men  as  are  not  trained  electrical  technicians. 

With  the  view  taken  by  Mr.  Henderson,  the  speaker  wishes  to  ex- 
press cordial  agreement,  as  it  is  one  which  he  has  spent  a  number  of 
years  in  voicing,  namely,  that  the  wisdom  of  the  application  of  elec- 
tricity to  the  equipment  and  operation  of  a  steam  railroad — and,  it 
may  be  added,  the  method  of  such  application  if  adopted — is  a  problem 
individual  to  the  needs  and  conditions  existing  on  that  particular 
road,  and  cannot  be  determined  by  any  general  statements  of  real  or 
fancied  gains  in  fuel  economy.  Nor  is  it  sufficient  that  economies,  of 
whatever  nature,  promise  a  fair  interest  on  the  new  investment  required, 
for,  if  this  were  all.  there  would  be  no  excuse  for  the  adoption  of 
electricity,  because  the  existing  investment  would  have  derived  no  ad- 
vantage, and  every  railroad  man  knows  that  there  are  ways  of  invest- 
ing money  in  railroad  improvements  which  will  result  in  much  more 
than  a  return  sufficient  to  pay  interest  on  the  new  capital — a  fact  not 
without  vital  influence  at  a  time  when  money  seeks  the  seclusion  of 
the  tin  box  and  the  stocking. 
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At  the  present  moment  the  field  of  electric  application  is  more  ap-  Mr.  spiague. 
parent  where  trunk-line  terminals  and  suburban  service  are  concerned, 
for  here  there  are  certain  favorable  conditions  conducing  to  success, 
such  as  density  of  traffic,  fair  load  factor,  and  reasonably  uniform  traffic 
conditions  and  train  movements,  while  public  sentiment  favors  the 
abt>lition  of  smoke  and  steam,  and  suburban  populations  demand  more 
rapid  and  frequent  train  service. 

In  addition,  there  are  mountain  roads  where  onerous  conditions 
are  imposed  by  local  difficulties  or  connecting  divisions,  and  these,  in 
spite  of  an  irregular  and  widely  varying  traffic,  may  advantageously 
consider  electrical  operation.  In  both  classes,  however,  the  key-note 
is  capacity,  with  an  eventual  gain  in  unit  and  system  economy. 

Up  to  the  present,  the  most  conspicuous  example  of  terminal  and 
suburban  equipment  is  that  so  well  described, by  the  author,  and  with 
regard  to  this  Mr.  Murray  states  his  belief  that  a  mistake  has  been 
made,  and  that  if  the  decision  as  to  the  most  suitable  equipment  were 
to  be  made  now  "a  majority  of  the  best  informed  electrical  engineers 
of  America  would  to-day  cast  their  ballot  in  favor  of  single-phase  elec- 
trification." 

Just  here,  and  without  expressing  any  opinion  as  to  the  merits  of 
that  system — and  there  are  many  valuable  arguments  in  its  favor  for 
some  classes  of  roads — the  speaker  must  record  his  judgment  that 
this  statement  is  entirely  wide  of  probability  and  fact,  and,  basing  his 
conclusion  upon  the  comparative  results  shown  by  the  competitive  sys- 
tems now  in  operation  on  the  New  York  Central  and  New  Haven  roads, 
must  record  his  conviction  that  if  confronted  to-day  with  like  actual 
conditions,  not  only  would  the  majority — and  he  trusts  all — of  the 
members  of  the  New  York  Central  Electrical  Commission,  but  any 
other  competent  board  representing  sound  electrical  engineering  and 
conservative  railroad  practice,  make  the  same  general  decision  as 
originally  made,  modified  possibly  in  degree  of  potential  adopted  and 
some  details  of  equipment.  Furthermore,  it  is  quite  possible  that  tho 
somewhat  extraordinary  degree  of  insurance  of  operation  would  not 
now  be  decided  upon,  but  it  must  be  remembered  that,  to  a  certain  ex- 
tent, much  of  what  was  adopted  was  based  upon  the  idea  of  providing 
insurance  at  first  and  utilizing  capacity  later. 

In  the  development  of  the  equipment  for  the  New  York  Central, 
there  were  some  matters  of  greater  or  less  novelty  concerning  which 
some  risk  had  to  be  taken,  and  among  these  there  may  be  mentioned 
the  vertical  turbines,  the  particular  type  of  locomotive,  and  the  under- 
contact  protected  third-rail.  There  were  ample  criticisms  and  many 
predictions  of  failures  as  to  all  three  features,  and  from  many  quarters; 
but  it  is  with  some  degree  of  complacency  that  the  speaker  recalls  his 
own  connection  with  this  development,  and  the  practical  results  at- 
tending the  adoption  of  these  particular  features. 
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Mr.  sprague.  There  have  been  no  "frightful  accidents"  with  the  turbines,  and 
the  locomotive  has  shown  a  capacity  and  reliability  simply  amaz- 
ing, for  it  has  been  called  upon  for  a  hauling  capacity  of  nearly 
100%  in  excess  of  its  guaranty.  On  some  recent  trials  it  has 
run  more  than  650  miles  on  consecutive  days,  stopping  and  start- 
ing within  6-mile  limits,  and  has  made  nearly  700  miles  within 
24  hours  under  these  conditions.  The  machines  are  not  perfect, 
and,  undoubtedly,  some  minor  changes  will  ultimately  be  adopted,  but 
it  is  instructive  to  note  that,  in  the  year  and  a  half  of  operation,  the 
makers  have  spent  probably  not  more  than  $4  000  in  changes  on  the 
entire  equipment,  and  not  one  dollar  of  this  has  had  to  do  with  the 
motors  or  their  design.  In  that  period  the  electric  service  has  increased 
up  to  a  present  maximum  of  about  300  movements  a  day  by  electric 
locomotive  and  by  multiple-unit  train,  and  in  all  that  time  there  have 
been  recorded  but  two  electric  locomotive  failures  on  the  track,  where 
the  locomotive  could  not  pull  itself.  Its  single-phase  competitor,  in 
one-third  of  that  time,  on  13  miles  of  road,  and  with  a  maximum  of 
60  train  movements,  has  a  record  of  at  least  40  failures.  If  it  had 
not  been  for  the  New  York  Central's  electric  locomotives,  or  multiple- 
unit  trains,  the  effect  of  these  failures  would  have  been  more  pro- 
nounced. 

Undoubtedly,  the  causes  of  some  of  these  failures  will  be  removed, 
and  a  better  record  will  be  shown  by  the  single-phase  machines,  but  it 
will  be  some  time  before  there  can  be  any  final  comparison  between 
these  two  systems.  Two  facts,  however,  even  now  stare  one  in  the  face : 
The  first  is  that  the  speaker's  predictions  (made  some  time  ago)  as  to 
the  relative  capacity,  have  been  borne  out  in  practice,  for  while  single 
direct-current  locomotives  have  thus  far  pulled  any  load  which  has 
been  put  behind  them,  it  is  customary  to  use  two  single-phase  loco- 
motives whenever  the  trailing  load  exceeds  six  suburban  cars  or  six 
cars  of  moderate  weight.  The  second  is  that,  in  spite  of  the  adoption 
of  locomotive  operation  only,  operative  demands  will  eventually  make 
necessary  the  use  of  multiple-unit  trains  for  all  suburban  service  out 
of  great  terminals ;  and,  when  -this  latter  is  attempted  under  the  con- 
ditions which  exist,  the  net  result  of  the  operation  of  such  trains  on 
combined  direct  and  single-phase  divisions  will  be  absolutely  dis- 
appointing when  compared  with  the  operation  of  multiple-unit  trains 
on  the  direct-current  system  alone. 

A  third  feature,  whicli  was  a  matter  of  some  concern,  was  the 
imder-contact  third-rail,  in  the  development  of  which  the  speaker  had 
the  pleasure  of  co-operating  with  Mr.  Wilgus.  It  was  possibly  some- 
what more  costly  to  install  this  third-rail,  under  existing  conditions, 
and  it  has  been  more  or  less  costly  in  its  up-keep.  The  speaker  has 
made  an  effort  to  secure  some  comparative  costs  of  maintenance  of 
this  rail,  both  on  the  New  York  Central  and  in  other  localities.    The 
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Iccal  conditions  on  the  New  York  Central  are  unusual  in  character,  Mr.  sprague 
and  the  accounts  are  complicated  more  or  less  by  the  costs  of  new  con- 
struction, so  that  they  cannot  at  the  present  time  be  given  with  any 
degree  of  reliability.  One  special  difficulty  has  developed,  to  which  at- 
tention should  be  called,  which,  however,  is  the  fault  of  a  collateral 
feature  of  the  general  equipment.  A  third-rail,  whether  of  the  top-  or 
bottom-contact  type,  and  especially  where  there  is  much  special  work, 
will  operate  most  satisfactorily  when  the  contact  shoe  is  maintained 
within  reasonable  limits  of  operation.  Unfortunately,  the  contact 
slioes  on  the  New  York  Central  locomotives  are  not  carried,  as  they 
should  be,  upon  the  frames  moving  with  the  pilot  trucks,  but  upon  the 
superstructure  above  the  equalizing  springs.  The  result  is  a  horizontal 
and  vertical  movement  probably  fully  three  times  as  great  as  would 
exist  with  another  possible  method  of  mounting.  This  has  been  the 
cause  of  some  trouble  at  side  inclines  and  elsewhere. 

The  speaker  has  reports  of  very  different  character  from  some  other 
roads,  where  this  particular  difficulty  does  not  exist,  and  where  the 
operation  is  strictly  normal,  and  comparable  with  other  systems  of 
working  conductors.  On  the  West  Shore  Railroad,  operating  for  the 
8  months  from  July  1st,  1907,  to  February  29th,  1908,  with  a  monthly 
average  of  77  204  miles,  the  official  reports  give  the  following  averages 
per  month  during  this  period : 

Material  $163.26 

Labor  for  repairs 18.32 

Labor  for  inspection 297.71 

Total $470.29 

As  this  equipment  covers  105  miles  of  track,  the  total  cost  charge- 
able to  third-rail  is  $4.56  per  month  per  mile. 

The  Philadelphia  Eapid  Transit  Company  has  12  miles  of  this 
rail,  and  the  chief  engineer  reports  an  actual  car  mileage  of  1  500  000 
miles  for  1907,  and  states  that: 

"The  total  cost  of  up-keep  during  1907  has  been  practically  noth- 
ing, as  but  two  insulators  required  changing,  and  these  were  probably 
cracked  when  installed.  The  covering  will  probably  require  painting 
during  1908." 

Of  course,  in  time  there  will  be  opportunity  to  make  direct  com- 
parison between  the  cost  of  up-keep  of  this  type  of  third-rail  and 
various  types  of  overhead  construction,  and,  concerning  the  latter,  the 
speaker  is  inclined  to  think  there  will  be  some  developments,  but  it  is 
interesting  to  note  one  comparison,  that  of  the  maintenance  of  a  top- 
contact  unprotected  third-rail  and  an  overhead  trolley  of  the  usual 
class  on  one  of  the  most  important  electrical  railroads  in   America, 
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Mr.  sprague.  operating  nearly  128  miles  of  third-rail  and  nearly  20  miles  of  trolley 
wire.  In  this  particular  instance,  recent  reports  show  a  ratio  of  3.8 
in  favor  of  the  third-rail. 

On  the  subject  of  the  adoption  of  systems,  and  as  illustrating  how 
unsafe  it  is  to  predict  what  will  be  done  in  any  particular  instance, 
it  is  but  proper  to  call  attention  to  the  fact  that  the  electrical  engi- 
neer of  the  Government  railways  in  Belgium — they  are  all  owned  by 
the  State — came  to  America  a  few  months  ago,  from  close  proximity 
to  alternating-current  developments,  and  with  some  prejudice  in  favoi' 
of  them.  He  had  ample  facilities  for  inspecting  equipments  in 
America,  and  on  his  return  he  reported  to  his  government  squarely 
in  favor  of  using  direct  current  and  third-rail  for  the  first  equipment 
put  in  by  the  Belgian  Government,  and  orders  for  a  part  of  this 
^  equipment  were  recently  supplied  from  America. 

The  speaker  has  also  recently  received  from  one  of  the  foremost 
electrical  engineers  in  England,  Mr.  Parshall,  who  has  been  identified 
with  a  large  amount  of  electrical  work  there,  is  very  familiar  with 
conditions  abroad,  and  follows  developments  there  very  closely,  a  letter 
which  reads  as  follows: 

"You  have  heard  a  great  deal  of  alternating  current  development 
on  this  side  of  the  water ;  I  beg  to  assure  you  that  they  are  all  interest- 
ing from  a  laboratory  standpoint,  not  one  would  meet  the  conditions  of 
American  practice;  *hey  are  instructive  as  telling  what  not  to  do  rather 
than  what  to  do." 

The  speaker  does  not  wish  to  prejudice  the  cause  of  the  single- 
phase  system.  He  seeks  but  the  truth  with  regard  to  any  equipment ; 
there  are  cases  in  which  he  believes  that  that  particular  system  may 
be  used  with  advantage,  but  he  holds  unalterably  to  the  view  that  the 
very  best  interests  of  electric  railway  development  require  every  possi- 
ble advance  in  either  system,  and  that  a  hide-bound  adherence  to  any 
one  cannot  but  result  in  adverse  developments. 

Mr.  Stott.  Henry  G.  Stott,  Esq.* — Mr.  Wilgus  gives  certain  reasons  for 
duplicating  power-stations  and  transmission  lines,  but  a  stage  in  the 
art  has  been  reached  where  there  is  no  longer  any  very  strong  argu- 
ment for  duplicating  power-stations.  The  speaker's  experience,  cover- 
ing quite  a  number  of  years  with  power-plants,  is  that  the  greatest 
danger  now  is  not  from  the  apparatus,  but  from  the  men  who  operate 
it.  Take,  for  example,  the  two  largest  power-stations  in  New  York 
City,  each  of  which  is  giving  out  about  Y5  000  h-p.,  morning  and  night. 
In  the  past  six  years  of  operation  the  speaker  can  recall  only  two  shut- 
downs which  were  due  to  the  power-plant,  and  these  were  of  very  short 
duration,  from  10  to  a  maximum  of  20  min.  It  is  obvious  that  the 
duplicate  power-plant  would  not  help  such  a  situation,  because,  unless 

*  President,  American  Institute  of  Electrical  Engineers. 
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all  the  boilers  were  fired   up  and  the  units  were  turning  over  con-  >ir.  siott. 
tinuously,  at  least  40  min.  would  be  required  to  get  them  into  service, 
by  which  time  the  power-station  would  be  in  operation. 

In  regard  to  the  transmission  lines,  the  power-stations  necessarily 
must  all  be  connected  to  a  common  system,  otherwise,  the  copper  in- 
stalled would  be  wasted,  and  the  rotaries  in  the  sub-stations  would  have 
to  be  started  over  again,  unless  they  were  connected. 

A  few  days  ago  there  was  a  shut-down  on  the  Manhattan  system. 
The  trouble  was  in  the  transmission  lines,  and  was  caused  by  one  of 
the  steam  heating  mains  in  the  city  destroying  the  insulation.  If  there 
had  been  a  dozen  power-houses,  instead  of  two,  there  would  have  been 
the  same  trouble ;  and  it  can  safely  be  said  that  it  is  a  great  deal  better 
now  to  "put  all  our  eggs  in  one  basket  and  watch  that  basket,  than  to 
put  them  into  separate  baskets,"  in  view  of  the  fact  that  the  human 
element  is  now  the  most  dangerous  one. 

The  operating  and  fixed  charges  are  certainly  less  for  one  plant 
than  for  two.  In  working  out  power  costs  it  is  just  as  necessary  to 
take  into  consideration  the  fixed  charges  as  the  operating  costs.  Th"- 
fixed  charges  in  many  cases  are  greater  than  the  actual  operating  and 
maintenance  cost.  It  is  a  very  poor  plant  to-day  which  cannot  operate 
at  less  than  0.7  cent  per  kw-hr.,  that  is,  for  operating  and  maintenance 
charges  only.  Fixed  charges  on  a  load  factor  of  50%,  which  is  about 
the  best  load  factor  that  railroads  can  expect,  would  be  at  least  equal 
to  that.  Now,  if  the  load  factor  is  less,  naturally  the  operating  charges 
become  of  less  importance,  and  the  fixed  charges  of  greater  importance. 
In  the  plants  described  in  the  paper  there  is  apparently  going  to  be 
100%  spare  apparatus.  The  safe  over-load  capacity  of  modern 
generators  and  turbines  is  usually  given  at  50%  above  rating,  so  that, 
even  if  the  whole  apparatus  is  being  used,  there  is  always  a  reserve 
capacity  of  50%,  making  in  this  case  a  reserve  of  200%;  but,  in  con- 
sidering peak  loads,  such  as  all  railroads  get  during  the  morning  and 
evening,  due  to  the  movement  of  suburban  trains,  a  very  much  smaller 
load  factor  must  be  considered.  In  this  case  it  is  most  important  to 
keep  down  the  fixed  charges,  which,  under  these  conditions,  may  be- 
come three  or  four  times  as  great  as  the  operating  charges. 

WiLLUM  J.  Wii.Gus,  M.  Am.  Soc.  C.  E.  (by  letter). — As  anticipated,  Mr.  wiiKus. 
this  discussion  has  brought  out  many  points  which  will  go  far  toward 
solving  the  modern  problem  of  electrifying  steam  railways. 

Reference  is  made  by  Mr.  Henderson,  Mr.  Gibbs,  and  Mr.  Francis 
to  the  large  collateral  expenditures  that  have  a  bearing  on  the  com- 
parative cost  of  operation  by  steam  and  electricity;  but  one  should  not 
lose  sight  of  the  fact  that  such  contingent  expenses,  in  the  installation 
under  discussion,  are  a  necessity  entirely  apart  from  the  question  of 
electrification.  For  instance,  the  enlargement  of  the  Grand  Central 
Terminal,  four-tracking,  elimination  of  grade  crossings,  and  similar 
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Mr.  wii^us.  items,  are  required  for  handling  a  growing  traffic  properly.  Indeed, 
it  is  true  that  most  of  these  improvements  are  only  possible  with  a 
change  of  motive  power;  but  that  is  an  added  argument  in  favor  of 
electricity.  In  other  words,  if  there  had  not  been  the  desire  and  neces- 
sity of  radically  enlarging  the  capacity  of  the  railroad,  it  would  have 
been  possible  to  have  made  the  change  from  steam  to  electricity,  with 
a  resultant  material  but  insufficient  increase  of  capacity,  without  in- 
curring any  expense  for  other  improvements. 

On  the  other  hand,  there  are  many  places  where  the  installation  of 
electricity,  with  its  superior  operating  advantages,  will  not  only  save 
in  annual  cost  of  operation,  but,  in  addition,  obviate  the  undertaking 
of  expensive  improvements  that  with  steam  would  be  necessary  for  in- 
creasing the  capacity  of  the  railroad. 

Therefore,  while  it  is  proper  to  concede  that  the  use  of  electricity 
on  the  New  York  Central  has  invited  the  undertaking  of  other  large 
expenditures  for  greatly  increasing  the  earning  power  of  the  railroad, 
it  is  not  just,  in  comparing  the  cost  of  steam  and  electric  operation,  to 
charge  against  the  latter  fixed  charges  other  than  those  made  necessary 
by  the  change  of  motive  power  alone. 

The  proof  of  the  wisdom  of  making  these  collateral  improvements 
must  rest  on  later  developments  of  traffic,  when  the  entire  scheme  has 
been  completed. 

Mr.  Henderson's  analysis  of  the  relation  of  average  to  "peak"  traffic 
is  very  interesting,  and  is  borne  out  by  an  application  of  his  reason- 
ing to  the  New  Haven  Company's  installation,  had  direct  current  been 
used  between  Woodlawn  and  Stamford.  As  shown  below,  the  annual 
propulsion  current  requirements  at  the  Cos  Cob  power-station  bus-bars 
is,  say,  18  500  000  kw-hr.  The  power-station  installation  for  propulsion 
current  is  assumed  to  be  13  500  kw-hr.  for  direct-current  operation. 
This  would  make  the  ratio  of  power  installation  to  average  train  re- 
quirements 6.4,  the  cost  of  electric  operation  being  slightly  lower  than 
by  steam.  Probably  a  ratio  of  6  would  represent  an  equality  of  cost 
of  operation  by  steam  and  electricity  under  New  York  Central  and 
New  Haven  conditions,  which  would  agree  closely  with  Mr.  Henderson's 
conclusions,  if  he  had  omitted  the  portion  of  the  power-station  in- 
stallation not  intended  for  propulsion  purposes.  Of  course,  on  both 
roads,  increase  of  passenger  traffic  and  the  later  handling  of  freight 
traffic,  labor-saving  machines,  and  yard  switching  by  electricity,  will 
raise  the  average  load  and  produce  still  better  results. 

As  intimated  by  Mr.  Gibbs,  it  is  perhaps  too  early  to  forecast  with 
positiveness  the  saving  of  electric  operation  over  steam  in  the  various 
installations  made  to  date,  but  the  many  misstatements  to  the  contrary 
that  have  appeared  from  time  to  time  in  technical  discussions  cer- 
tainly point  to  the  wisdom  of  throwing  some  light  on  the  subject  before 
the  means   disappear  of  making  true  comparisons   under  the   condi- 
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tions.  Regarding  locomotive  repairs,  there  is  no  doubt  that  changing  Mr.  whkus. 
of  types  and  details  will  ensue,  and  the  cost  will  be  chargeable  to  re- 
pairs; but  such  changes  are  also  constantly  occurring  in  steam  prac- 
tice. The  obsolete  machine  is  simply  relegated  to  a  less  exacting  serv- 
ice. It  is  true  that  duplicate  facilities  must  be  maintained  for  han- 
dling the  motive  power  at  interchange  terminals;  but  there  will  soon  be 
no  occasion  for  expensive  facilities  for  handling  suburban  steam  loco- 
motives, as  their  electric  substitutes  will  require  small  inspection  sheds 
only,  and  the  relatively  small  steam  locomotive  plants  for  through 
trains  will  be  removed  from  costly  New  York  City  real  estate  to  out- 
lying cheap  lands.  As  Mr.  Gibbs  states,  there  is  difficulty,  on  electri- 
fied steam  roads,  in  obtaining  the  desired  full  mileage  from  electric 
j-olling  stock.  However,  where  the  traffic  is  dense,  and  reasonable  at- 
tention is  paid  to  this  feature  by  the  operating  department,  it  is  be- 
lieved that  reliance  may  be  placed  on  the  results  outlined  in  the  paper. 

Mr.  Waitt's  reference  to  European  practice,  based  on  his  personal 
investigations  abroad,  is  both  interesting  and  instructive.  There  is 
the  frequent  tendency  among  American  engineers  to  urge  the  adoption 
of  foreign  practice  unsuited  to  American  conditions. 

The  remarks  of  Mr.  Lewis  and  Mr.  Francis  point  to  the  desirability 
of  a  future  paper  dealing  with  the  New  York  Central  improvements 
from  the  "static"  standpoint,  but  this,  of  course,  cannot  be  done  until 
the  work  has  more  nearly  approached  completion.  Mr.  Katte  and  Mr. 
Harwood  briefly  touch  on  some  of  the  details. 

Mr.  Brinckerhoif's  experience  with  elevated  railway  service  -gives 
much  weight  to  his  comparison  of  the  operating  costs  and  efficiency  of 
steam  and  electric  motive  power,  especially  the  item  of  maintenance, 
about  which  some  question  has  been  raised. 

As  remarked  by  Mr.  Sprague,  if  the  question  of  electrification  is  to 
be  approached  from  the  standpoint  of  a  fair  return  on  the  new  invest- 
ment required,  something  beyond  the  ordinary  rate  of  interest  must  be 
offered  to  the  investor.  While  the  electrification  of  the  New  York 
Central  was  undertaken  for  reasons  apart  from  possible  economies  of 
operation,  as  will  be  shown  below,  the  prospective  savings  are  such  as 
to  promise  a  return  of  not  only  the  ordinary  rate  of  interest  on  the 
capital  invested,  but  also  an  additional  amount  for  the  stockholders, 
the  aggregate  of  these  two  items  being  estimated  at  about  9%  on  the 
additional  capital  required  for  electrification.  The  cost  of  maintain- 
ing the  third-rail  in  the  initial  zone  is  comparatively  high,,  not  for  the 
reasons  given  by  Mr.  Sprague,  but  because  of  the  many  minor  adjust- 
ments, alterations  of  tracks,  and  close  inspection,  all  of  which  are  in- 
cident to  the  newness  of  the  installation. 

Both  Mr.  Stott  and  Mr.  Potter  express  the  belief  that  reliable  serv- 
ice may  be  amply  insured  without  the  precaution  of  a  second  generat- 
ing station.     Referring  to  the  reasons  given  for  duplicate  power-sta- 
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Mr.  Wiigus.  tions  (page  77),  it  will  be  noted  that  two  power-stations  were  decided 
upon: 

"each  with  sufficient  capacity,  utilizing  its  spare  unit,  and  working 
'overload,'  to  carry  the  entire  demand  of  the  service  at  the  rush  hours, 
should  the  other  fail." 

Had  one  power-station  been  decided  upon,  an  additional  unit  would 
have  been  required  for  spare  purposes,  making  25  000  kw-hr.  instead 
of  20  000  kw-hr.,  from  which  it  will  be  noted  that  instead  of  200% 
spare  apparatus  in  the  two  power-stations,  there  is  but  60%,  including 
the  50%  over-load  capacity  of  the  generators.     Therefore  the  question 
of  the  wisdom  of  installing  duplicate  power-stations  hinges  upon  the 
necessity  of  having  this  60%  excess  capacity  at  the  initial  stages  of 
the  service,  and  the  additional  expense  attendant  upon  the  operation 
of  two  power-stations  instead  of  one.     The  Electric  Traction  Commis- 
sion considered  these  features  thoroughly,  and  concluded  that  the  com- 
pany was  justified  in  this  additional  expense  for  the  reason  that  the 
geographical  location  of  the  two  divisions,  with  their  possible  future 
extensions  to  the  north,  was  such  as  to  make  unwise  the  adoption  of  but 
one  station  for  both,  located  at  a  remote  point  and  subject  to  the  chance 
of  such  injury  to  itself  or  the  connecting  transmission  lines  as  to  make 
possible  a  long-continued  interruption  of  train  service.    For  instance, 
should  a  single  power-station  or  its  connecting  transmission  line  suffer 
serious  injury  from  rioters,  strikers,  accidents  on  adjoining  property,  or 
any  other  contingency  sufficiently  serious  to  place  the  power-station  out 
of  commission  for  a  long-continued  period,  as  was  experienced  on  one  of 
the  English  railroads  which  was  electrified  some  years  ago,  a  return 
to  the  use  of  steam  locomotives  would  be  imperative.    The  contemplated 
future  electrification  of  freight  service  within  the  electric  zone,  includ- 
ing the  terminals  on  the  west  side  of  Manhattan  Island,  the  electrifica- 
tion of  all  or  a  portion  of  the  Putnam  Division,  and  the  utilization  of 
company   current  for  lighting,   yard   switching,   labor-saving   devices, 
etc.,   promise   a  reasonably  early   use  for  the   excess  capacity  of  the 
power-stations  sufficient  to  justify  its  expense  for  these  insurance  pur- 
poses during  the  early  stages  of  electric  operation.    The  location  of  the 
two  stations,  in  better  relation  to  the  load  centers  than  would  be  possi- 
ble with  one  station,  offers  a  saving  of  transmission  losses  that  tends 
to  compensate  for  the  extra  cost  of  operating  two  power-stations  over 
one.     That  the  company  anticipates  early  need  for  the  excess  capacity 
is  shown  by  its  recent  decision  not  to  accept  a  proposition  for  its  pur- 
chase or  lease  by  outside  commercial  interests. 

It  will  be  interesting  to  note  here  that  the  cost  of  the  power-stations 
was  very  low— less  than  $90  per  kilowatt  of  capacity. 

In  the  paper  there  was  no  intention  of  raising  any  issue  with  the 
representatives  of  the  New  Haven  Company  because  that  company 
Siiw  fit  to  select  a  form  of  electrification  different  from  that  adopted 
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by  the  New  York  Central.  The  paragraph  first  quoted  by  Mr.  Murray  Mr.  wiigus. 
had  reference  to  tlie  proven  wisdom  of  adherence  to  the  chosen  type  of 
direct-current  equipment,  despite  the  urging  by  a  manufacturing  com- 
pany upon  the  New  York  Central  of  the  alternating-current-direct- 
current  apparatus;  and  in  no  manner  reflects  on  the  use  of  the  alter- 
nating-current system,  per  se. 

However,  as  Mr.  Murray  has  broached  not  only  the  question  of  the 
wisdom  of  the  policy  pursued  by  the  New  York  Central,  but  also  the 
wisdom  of  his  own  company's  adoption  of  the  alternating-current  sys- 
tem north  of  Woodlawn,  there  is  no  recourse  but  to  set  forth  the  whole 
matter  in  sufficient  detail  for  the  drawing  of  correct  conclusions.  This 
is  perhaps  fortunate,  for  the  present  uncertainty  in  the  minds  of  steam 
railroad  officers  is  injurious  to  the  advancement  of  the  art  of  transporta- 
tion, and  peculiarly  hurtful  to  the  legitimate  growth  of  electrification, 
whether  by  direct  or  alternating  current. 

There  is  really  no  quarrel  between  the  alternating-current  and  di- 
rect-current systems.  Both  have  legitimate  fields.  It  is  no  more 
proper  to  compare  them  broadly  than  to  contrast,  say,  a  "Pacific"  type 
passenger  locomotive  with  a  Mallet  compound  freight  locomotive. 
They  must  be  viewed  in  relation  to  a  known  service,  and  the  care  de- 
volving on  the  engineer  is  to  see  that  they  are  not  misplaced.  Legal 
restrictions,  nature  of  traffic,  mixture  of  steam  and  electric  motive 
power,  population,  clearances,  and  other  special  conditions,  all  have 
bearings  on  the  selection  of  the  system  of  electrification  best  suited 
to  any  particular  locality.  It  is  a  cause  for  congratulation  that  there 
is  a  choice  of  three  systems,  direct-current,  alternating-current  single- 
phase,  and  alternating-current  three-phase,  rather  than  but  one  system 
which  would  be  unsuited  to  many  localities  seeking  release  from  the 
limitations  of  steam. 

The  question,  then,  is  whether  or  not  either  company  has  mis- 
applied the  system  that  it  has  adopted.  The  elements  to  be  considered 
are: 

(1)  Physical  and  legal  restrictions, 

(2)  Operating  requirements, 

(3)  Safety, 

(4)  Eeliability, 

(5)  Cost. 

(1)  Physical  and  Legal  Restrictions. — The  law  taking  effect  July 
1st,  1903,  requiring  the  abandonment  of  steam  in  Park  Avenue  south 
of  the  Harlem  River,  within  five  years,  gave  an  insufficient  margin  of 
time  for  the  making  of  radical  experiments,  which,  if  unsuccessful, 
would  cause  delays  alike  distasteful  to  the  public  and  the  railroads. 
The  temper  of  the  public^  atmospheric  conditions  in  the  Park  Avenue 
Tunnel,   and   the   congested   nature  of   the   Grand    Central   Terminal 
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Mr.  wugus.  yard  operations,  were  such  as  to  dictate  the  utmost  speed  in  effecting 
the  change,  in  the  interests  of  safety  and  public  comfort. 

Of  the  two  systems,  direct  current  and  alternating  current,  the 
former  offered  apparatus  of  proven  reliability  and  efficiency,  whereas 
the  latter,  at  the  time  of  the  decision  in  the  fall  of  1903,  was  declared 
by  its  warmest  advocates  to  be  unsuitable  for  meeting  the  onerous  con- 
ditions of  the  case.  The  state  of  the  art  was  not  sufficiently  advanced 
to  warrant  the  use  of  a  system  still  untried  in  heavy  trunk-line  serv- 
ice; but,  apart  from  this  reason,  there  were  others  of  even  a  more  con- 
vincing nature. 

The  four-track  Park  Avenue  Tunnel,  2  miles  in  length,  with  a 
head-room  affording  but  1  in.  of  clearance  above  the  top  of  the  rolling 
stock,  is  confined  between  the  city  street  pavements  immediately  over 
the  roof  and  the  city  sewers  beneath.  The  overhead  conductors  and 
contact  devices  on  the  equipment  of  the  alternating-current  system 
would  require  at  least  2  ft.  6  in.  more  head-room,  obtainable  only  by 
radical  changes  in  city  sewers,  to  obtain  consent  for  which  would  be 
very  problematical ;  and  the  lowering  of  8  miles  of  tracks  in  solid  rock, 
in  a  smoke-laden  tunnel  through  which  flows  at  nearly  all  hours  of  the 
day  a  congested  traffic  of  from  four  to  five  times  the  volume  of  the 
New  Haven  Company's  traffic  north  of  Woodlawn.  Even  if  feasible 
and  safe,  the  cost  of  doing  this  would  be  prohibitive.  That  such  a 
change  of  the  tunnel  is  impracticable  from  the  legal  standpoint  is  well 
shown  by  the  fact  that  the  public  authorities  stopped  the  company 
from  drilling  and  blasting  for  electric  ducts  in  the  side-walls  of  the 
tunnel,  during  the  few  hours  of  the  night  when  traffic  conditions  per- 
mitted the  prosecution  of  work  of  even  that  simple  character;  and  pipe 
ducts  were  substituted,  hung  from  the  tunnel  walls.  Then,  too,  the 
required  method  of  rebuilding  the  Grand  Central  yard  in  sections  dur- 
ing a  period  of  many  years,  in  conjunction  with  the  construction  of 
lofty  buildings  over  tracks  carrying  traffic,  prohibited  the  use  of  exposed 
overhead  trolley  wires  alive  with  a  current  as  dangerous  as  11  000  volts. 

That  Mr.  Murray  can  place  these  trunk-line  conditions,  in  next  to 
the  largest  city  in  the  world,  in  the  same  class  with  the  totally  different 
and  vastly  less  complicated  problems  on  his  own  line,  and  at  the 
Sarnia  and  Simplon  Tunnels,  is  strange.  The  repeated  promises  and 
as  frequent  failures  of  Mr.  Murray's  company  during  the  past  year  to 
complete  its  change  to  electricity,  with  the  resultant  serious  delay  to 
the  Grand  Central  Terminal  reconstruction,  and  annoyance  to  the 
public  in  the  Park  Avenue  Tunnel,  are  the  most  speaking  commentaries 
on  the  offer  of  Mr.  Murray  to  undertake  so  blithely  this  task  for  othera 

Apart  from  these  physical  objections  to  the  overhead  alternating- 
current  system,  there  were  serious  legal  obstacles. 

The  four-track  Park  Avenue  Viaduct  north  of  the  tunnel,  li  miles 
long,  was  built  under  legislative  enactment  that  prescribed  the  exact 
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design.  To  modify  this  materially  by  the  erection  of  trolley  wires  and  Mr.  wiigus. 
supports  would  surely  invite  injunctions  by  abutting  property  owners, 
and  resultant  indefinite  delays  and  enormous  damages.  The  previous 
experience  of  the  company  with  its  neighbors  in  this  thoroughfare, 
costing  millions  of  dollars,  taught  a  lesson  that  could  not  be  disre- 
garded. 

The  crowning  legal  obstacle  was  the  objection  of  the  city  authori- 
ties to  any  form  of  overhead  wires  carrying  high  voltages  along  and 
over  streets  within  the  city  limits.  While  the  company  has  contended 
that  transmission  lines  in  the  outer  and  sparsely-settled  sections  of  the 
city,  placed  on  the  exterior  edges  of  the  right  of  way  and  passing  far 
above  the  surface  of  intersecting  streets,  were  permissible  and  even 
desirable,  at  least  until  the  growth  of  population  required  a  change  to 
ducts,  it  did  not  feel  that  it  could  be  denied  that  trolley  wires  carrying 
1]  000  volts  immediately  over  and  close  to  rolling  stock  and  imme- 
diately beneath  public  travel  on  intersecting  street  bridges,  would  be 
sufficiently  objectionable  to  invite  ultimate  adverse  action  by  the  pub- 
lic authorities  that  would  entail  a  complete  abandonment  of  a  system 
costing  the  stockholders  many  million  dollars. 

With  these  absolute  barriers  to  the  use  of  high-voltage  trolley  wires, 
the  New  York  Central,  apart  from  other  reasons,  could  not  do  other- 
wise than  adopt  the  direct-current  system,  which  in  New  York  City 
is  feasible  and  legal.  The  New  Haven  line,  lying  in  the  open  country, 
did  not  have  these  obstacles,  and  adopted  the  alternating-current  system. 
(2)  Operating  Requirements. — The  constantly  increasing  traffic  in 
the  congested  Grand  Central  Terminal  demanded  a  type  of  self-pro- 
pelling electrical  equipment  that  would  minimize  the  number  of 
switching  movements  across  the  throat  of  the  yard.  Experience  else- 
where, also,  had  demonstrated  the  need  of  an  elastic  system  of  train 
operation,  which,  apart  from  the  question  of  economies,  would  permit 
quicker  acceleration,  a  more  frequent  service,  and  the  regulation  of 
the  number  of  cars  per  train  to  the  volume  of  traffic  at  different  hours 
of  the  day.  All  these  objects  could  be  obtained  by  the  use  of  multiple- 
unit  cars,  which,  in  the  existing  state  of  the  art,  seem  best  adapted  to 
direct  current. 

The  New  Haven  Company,  in  adopting  alternating-current  opera- 
tion, rejected  the  use  of  the  multiple-unit  system,  whereas  the  New 
York  Central  seized  the  opportunity  to  use  it,  with  resultant  imme- 
diate benefits  to  its  operating  department.  That  Mr.  Murray's  com- 
pany now  realizes  its  mistake  is  shown  by  its  recent  design  of  an 
alternating-current-direct-current  multiple-unit  train  consisting  of  a 
motor  car  on  each  end  of  a  six-  or  eight-car  train.  The  success  of  such 
an  arrangement  is  very  questionable,  from  operating  as  well  as  elec- 
trical standpoints,  and  at  least  one  large  manufacturing  company  hag 
declined  to  build  it. 
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Mr.  Wiigus.  (3)  Safety.— Thh  item,  referred  to  by  Mr.  Murray,  should  be  con- 
sidered in  its  twofold  relation,  to  the  employee  and  to  the  public,  and 
not  to  one  alone.  Both,  naturally,  deferve  the  very  best  judgment  and 
care  in  deciding  upon  the  kind  of  distributing  system  to  be  used. 

Experience  has  shown  that  f.ie  low- voltage  th-rd-rail,  suitably  pro- 
tected, is  not  dangerous.  During  the  period  of  a  year  and  a  half  that 
the  working  conductors  have  been  energized  in  the  congested  initial 
electric  zone  of  the  New  York  Central,  not  a  fatality  has  occurred 
either  to  employees  or  the  public,  primarily  due  to  the  third-rail  or 
transmission  lines.  Three  instances  have  been  due  to  trespassing  on 
the  transmission  line,  another  to  a  porter  reaching  beneath  the  third- 
rail  for  a  pack  of  cards,  and  one  to  a  prior  contributing  cause. 

On  the  other  hand,  up  to  the  present  time,  the  New  Haven  trolley- 
wire  system  and  transmission  lines  have  apparently  caused  thirteen 
fatalities,  largely  due  to  wires  not  being  "beyond  the  reach  of  the 
tallest  man." 

Carelessness,  no  doubt,  is  responsible  for  the  majority  of  these  un- 
fortunate occurrences,  but  is  it  not  a  duty  to  select  the  system  which 
local  conditions  dictate  as  least  dangerous  to  the  negligent  employee? 

As  to  the  public,  the  third-rail  is  entirely  removed  from  neighbor- 
ing thoroughfares,  and  the  transmission  lines  in  sparsely  settled  dis- 
tricts, spanning  far  above  intersecting  streets,  seem  to  have  the  ad- 
vantage of  safety,  superior  to  that  of  11 000-volt  trolley  wires  passing 
directly  beneath  street  bridges  of  low  clearance  above  the  tracks  and 
within  a  few  inches  of  the  passers-by. 

On  the  direct-current  system,  in  case  of  accident,  the  passenger  is 
as  well  or  better  guarded  from  the  third-rail  by  means  of  protecting 
sheathing  and  circuit-breakers,  as  he  is  from  knocked  down  trolley 
wires  which  may  affect  not  one  but  all  four  tracks. 

May  it  not  be  concluded  that,  as  measured  by  both  practice  and 
theory,  the  direct-current  system,  in  the  territory  under  discussion,  is 
preferable  to  the  alternating-current  system,  from  the  standpoint  of 
safety,  having  in  mind  the  local  conditions? 

(4)  Reliahility. — This  question  is  of  first  importance  to  a  trunk- 
line  railroad.  What  has  experience  shown  in  the  two  systems  under 
discussion  ? 

During  two  representative  months  the  delays  per  1  000  locomotive- 
miles  between  Woodlawn  and  the  Grand  Central  Station,  due  to  loco- 
motive failures,  were  as  follows: 

New  York  Central  direct-current  locomotives.  .     1.2  min. 

Steam  locomotives 2.        " 

New  Haven  alternating-current  locomotives .  . .   12.4      " 

It  will  be  noted  that  the  alternating-current  locomotives  in  this 
service  caused  eleven  times  as  many  train  delays  as  the  direct-current 
machines,  and  six  times  as  many  as  due  to  steam  power. 
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Since  July,  1907,  the  New  York  Central  has  not  had  a  single  in-  Mr.  Wiigus 
terruption  of  electrical  service,  whereas  the  New  Haven  Company,  on 
its  own  territory  north  of  Woodlawn,  has  had  nine  interruptions,  of 
which  four  were  very  serious — in  one  instance  lasting  for  38  hours  and 
necessitating  a  complete  return  to  steam  operation. 

These  facts  demonstrate  that,  for  reliability,  the  New  York  Central 
installation  is  far  superior  to  that  of  the  New  Haven  Company. 

(5)  Cost. — Comparisons  of  cost  are  absolutely  valueless  unless 
they  are  based  on  the  same  premises  and  conditions,  and  are  in  suffi- 
cient detail  to  permit  analysis.  To  make  a  bare  statement,  unsupported 
by  details,  comparing  the  cost  of  the  battery-less  New  Haven  installa- 
tion in  the  open  country,  with  the  one  on  the  New  York  Central  carry- 
ing four  times  the  traffic  through  a  section  requiring  expensive  ducts 
instead  of  aerial  lines,  and  into  a  terminal  in  the  midst  of  a  great  city, 
is  like  showing  side  by  side  the  cost  per  mile  of  the  Union  Pacific  and 
Pennsylvania  Railroads,  without  making  allowance  for  the  differences 
of  topography,  grades,  number  of  tracks,  terminals,  and  character  of 
construction.  Mr.  Murray's  ratio  of  5  to  1  is  misleading,  as  will  be 
shown  below. 

Mr.  Murray  questions  the  accuracy  of  the  saving  of  $300  000  per 
annum  by  the  New  York  Central  from  avoiding  the  use  of  the  alter- 
nating-current-direct-current locomotive,  but  he  attempts  to  analyze 
the  smaller  part  ($140  000)  only,  curiously  enough  not  questioning  the 
larger  portion  of  the  saving  ($160  000  per  annum)  due  to  the  require- 
ment for  a  less  number  of  locomotives.  His  silence  on  this  point  is 
most  impressive  if  one  considers  the  millions  of  dollars  that  have  been 
spent  by  American  railroads  in  grade  reductions  in  order  to  reduce  the 
number  of  locomotives  for  handling  a  given  traffic — not  to  increase 
them. 

Mr.  Murray  attempts  to  cast  doubt  on  the  statement  of  lower  energy 
consumption  for  the  direct-current  locomotives  by  comparing  the  al- 
leged actual  results  of  the  New  Haven  alternating-current  locomotive 
on  direct-current  territory,  with  the  theoretical  assumptions  of  an 
arbitrator,  whose  decision,  by  the  way,  his  company  rejected. 

Upon  carefully  checking  the  correct  mileage,  weights,  and  bills  for 
current,  he  may  also  find  that  his  watt-hours  per  ton-mile  should  be 
50.7  instead  of  41.9.  However,  in  the  following  figures,  the  writer 
has  used  the  figure  which  is  most  favorable  to  his  contention. 

The  energy  consumption  upon  which  the  item  of  $140  000  saving 
was  based,  was  obtained  in  the  following  manner: 

Several  trial  runs  were  made  between  the  Grand  Central  Station 
and  Woodlawn  with  both  alternating-current  and  direct-current  loco- 
motives hauling  identically  the  samu  weight  of  trains,  at  the  same 
speeds,  and  with  the  same  limited  number  of  stops.  The  average  re- 
sults were: 
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Mr-  wiigus.  Alternating-current       locomotive        (New 

Haven)   3G.7  watt-hr.  per  ton-mile. 

Direct-current  locomotive  (New  York  Cen- 
tral)      28.9 

Saving  in  favor  of  New  York  Central  loco- 
motive, equal  to  27% Y.8         "         "  " 

Another  comparison  is  available,  as  a  check  on  the  foregoing  results : 

New  Haven:  Average  consumption  south 
of  Woodlawn,  including  more  stops 
than  were  made  in  the  foregoing  trial 
runs    41.9  watt-hr.  per  ton-mile. 

New  York  Central:  Observations  for  di- 
rect-current locomotive,  including 
more  stops  than  were  made  in  the  fore- 
going trial  runs 33.8  '•  "  " 

Saving  in  favor  of  New  York  Central  loco- 
motive, equal  to  24% 8.1  >•  "  " 

To  be  well  on  the  safe  side,  in  showing  a  money  saving,  a  difference 
of  but  15%  in  favor  of  the  New  York  Central  locomotive  is  used  in 
the  following  comparisons,  this  agreeing  with  a  careful  study  of  the 
characteristics  of  the  several  electrical  parts  of  both  locomotives : 

New  York  Central  Electric  Zone  saving,  due  to  use  of  direct- 
current  instead  of  alternating-current-direct-current 
locomotives : 

Direct-current  locomotive  annual  requirements  at 
the  contact  shoes,  36  000  000  kw-hr.  at  2  A  cents $936  000 

Alternating-current-direct-current  locomotive  an- 
nual requirements  at  the  contact  shoes,  36  000  000 
kw-hr.  plus  15%  excess,  5  400  000  kw-hr.  =  41400  000 
kw-hr.  at  2  x^  cents 1  076  400 

Annual  saving $140  400 


New  Haven  loss,  due  to  use  of  alternating-current-direct- 
current  locomotives  instead  of  direct-current  loco- 
motives south  of  Woodlawn : 

Direct-current  locomotive  annual  requirements  at  the 

contact  shoes,  10  500  000  kw-hr.  at  2  A  cents $273  000 

Alternating-current-direct-current  locomotive  an- 
nual requirements  at  the  contact  shoes  =  10  500  000 
kw-hr.  plus  15%  excess,  1575  000  kw-hr.  =  12  075  000 

cents 313  950 

Annual  loss $40  950 
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It  thus  appears  that  by  adopting  a  locomotive  suited  to  the  system  Mr.  Wiigu- 
over  which  it  is  to  operate,  the  New  York  Central  will  effect  a  saving, 
for  current  only,  over  what  would  have  to  be  expended  if  a  locomotive 
had  been  adopted  for  operating  on  two  systems,  of  $140  000  per  annum ; 
whereas  the  New  Haven  Company,  by  adopting  the  reverse  policy, 
will  suffer  a  loss  between  Woodlawn  and  the  Grand  Central  Station  of 
$40  950  per  annum. 

Mr.  Murray  asks  why  not  compare  the  direct-current  and  alternat- 
ing-current locomotives,  apart  from  the  complications  attending  the 
necessity  of  performing  two  functions  by  the  latter.  To  do  this  re- 
quires a  study  of  the  first  costs  and  annual  costs  of  operation,  by  both 
systems,  in  the  same  territory,  under  precisely  the  same  conditions, 
and  embracing  all  variable  elements.  Therefore  the  writer  has  selected 
the  New  Haven  Company's  line,  between  Woodlawn  and  Stamford, 
having  a  total  single-track  mileage  of  more  than  100  miles,  in  which 
is  included  a  number  of  small  yards. 

The  cost  of  the  generating  station  for  direct-current  operation  is 
found  to  be  at  least  20%  cheaper  than  the  one  intended  for  alternating- 
current  operation,  for  the  reason  that  the  generators  for  the  latter,  as 
built  by  the  New  Haven  Company,  are  designed  for  three-phase  out- 
put, but  they  are  utilized  for  single-phase  purposes,  which  largely  cuts 
down  their  capacity.  Then,  too,  the  magnetizing  of  the  motor  fields 
of  the  alternating-current  locomotives  requires  a  large  amount  of  watt- 
less current  not  needed  with  the  direct-current  system.  These  condi- 
tions result  in  a  much  larger  generator  installation  than  would  be 
needed  for  the  direct-current  system,  and  a  corresponding  higher  cost. 

To  do  the  same  work  required  on  the  41  locomotives  ordered  by  the 
New  Haven  Company,  only  28  would  be  required  for  direct-current 
operation.  This  is  due  to  the  limit  of  five  to  six  passenger  cars  to  a 
single  New  Haven  locomotive  in  order  that  the  schedule  speeds  may  be 
maintained,  as  compared  with  the  ability  of  the  New  York  Central 
type  to  make  the  same  schedules  with  two  or  three  times  that  number 
of  cars.  In  other  words,  heavy  trains  require  to  be  double-  and  triple- 
headed  with  the  alternating-current  locomotives,  whereas  but  one 
direct-current  locomotive  of  substantially  the  same  weight  and  cost 
would  suffice.  The  evil  feature  of  this  system  is  not  only  the  heavier 
annual  cost  for  repairs  and  for  current  needed  by  the  additional 
alternating-current  locomotives,  but  there  is  the  serious  operating 
handicap  of  holding  spare  units  in  readiness  to  attach  to  trains  which, 
at  the  last  moment  before  leaving  the  termini,  are  found  to  be  heavier 
than  was  at  first  anticipated.  The  cost  per  locomotive  of  each  type  is 
taken  at  $30  000,  but  reliable  information  points  to  a  considerably 
higher  cost  for  the  alternating-current  locomotive,  having  approxi- 
mately one-half  to  one-third  the  capacity  of  the  direct-current  loco- 
motive. 

The  effect  of  this  excess  number  of  locomotives  is  to  counteract  the 
saving  due  to  the  superior  efficiency  of  the  distributing  system  of  the 


153        DISCUSSION :  electrification  of  N.  Y.  C.  &  H.  R.  R.  R. 

.Mr.  WiigiLs.  New  Haven  Company.  For  the  28  direct-current  locomotives,  it  is 
estimated  that  15  000  000  kw-hr.  annually  will  be  required  at  the  con- 
tact shoes,  based  on  which  the  requirements  of  the  generating  station 
bus-bars,  with  an  efficiency  of  81%  (New  York  Central  results)  for  the 
distributing  system,  would  be  about  18  500  000  kw-hr.  The  larger 
number  of  alternating-current  locomotives  for  doing  the  same  work 
increases  the  current  demand  at  the  contact  shoes  for  the  locomotive 
ton-mileage,  so  that,  as  compared  with  the  15  000  000  kw-hr.  for  direct- 
current  operation,  there  is  needed  a  15%  increase  for  the  alternating- 
current  system,  or  17  250  000  kw-hr. 

On  the  basis  of  95%  distributing-system  efficiency,  this  makes  the 
requirements  at  the  bus-bars  of  the  generating  station  18  200  000  kw-hr. 
Thus  it  is  seen  that,  for  the  two  systems  applied  to  the  territory  in 
question,  the  demands  of  current  at  the  generating  station  bus-bars 
are  nearly  alike. 

The  depreciation  of  the  alternating-current  system  under  New 
Haven  conditions  is  greater  than  that  of  the  direct-current  system, 
because  of  the  comparatively  short  life  of  the  trolley  wires  and  catenary 
construction,  which  are  subjected  to  abrasion  and  corrosion.  This 
item  is  aggravated  in  this  instance  by  the  combined  operation  of  elec- 
tricity and  steam.  In  both  systems,  due  to  deterioration  and  ob- 
solescence, a  life  of  twenty  years  may  be  used,  except  for  the  trolley 
wires  and  catenary  system,  for  which  an  extreme  life  of  five  years  is 
assumed.  Personal  observation  prompts  the  belief  that  the  last  named 
period  is  much  greater  than  will  be  actually  experienced. 

Maintenance  of  generating  plants  and  distributing  systems  is 
taken  at  2%  per  annum  for  both  systems.  Observations  of  the  annual 
costs  of  maintenance  of  third-rail  and  overhead  work  show  that  they 
are  about  equal  where  the  conditions  are  similar,  provided  that 
separate  provision  is  made  for  the  more  rapid  depreciation  of  the 
latter. 

The  maintenance  of  the  New  Haven  locomotives  is  assumed  to  be 
6  cents  per  locomotive-mile,  as  compared  with  3  cents  per  locomotive- 
mile  for  the  New  York  Central  locomotive.  The  excessive  number  of 
locomotive  failures,  the  complication  of  parts,  and  the  known  large 
size  of  repair  gangs  at  Stamford  and  at  the  Grand  Central  Terminal 
indicate  that  the  cost  of  maintenance  of  the  New  Haven  alternating- 
current  locomotives  is  much  in  excess  of  the  .assumed  figure.  Thirty 
thousand  miles  per  annum  per  locomotive  is  assumed  for  both  systems. 

The  actual  experience  of  the  New  Haven  Company  with  injury  to 
employees  due  to  contact  with  11  000-volt  trolley  wires  warrants  the 
assumption  that  payments  for  damages  will  be  at  least  five  times  those 
that  are  chargeable  to  the  use  of  the  third-rail  of  the  direct-current 
system.  Low  clearances  at  street  bridges  for  trainmen  and  other  em- 
ployees; possibilities  of  falling  wires  caused  by  alirasion  and  corrosion 
and  from  high  winds  similar  to  those  that  recently  felled  neighboring 
wires,  trees,  and  poles,  causing  a  temporary  suspension  of  New  Haven 
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service;  and  proximity  of  signals  to  the  trolley  wires — all  these  ag- Mr.  vvii^us. 
gravate  the  New  Haven  situation. 

With  these  explanations,  the  following  statements  have  been  pre- 
pared. 

Comparative  Estimati-:d  Costs  of  Electrification  of  the  N.  Y.,  N.  TI. 

&   H.    R.    R.   FROM    WOODLAWN    TO    StAMFORD. 


Items. 


Generating 

stations 

Distributing 
systems 


Direct-current. 


Alternating-current. 


Sub-stations S600  (K)0 

Worliing  conductors, 

etc 800  000 

Transmission      lines, 

etc .550  000 


Rolling  stock .  28  locomotives. 


300  000    $1  .500  (100 

Trolley  .system .  $.500  000 
Overheacl 
bridges,  etc..     750  000 


1  950  000 
850  000   411ocomotives 1250  000 


Totals . 


100  000* 84  000  ooot 


*  Based  on  a  liberal  estimate  of  probable  cost. 

+  Based  on  a  liberal  estimate  of  probable  cost.    The  New  Haven  Company's  annual 
reports  indicate  a  higher  cost. 


Comparative  Estimated  Annual  Costs  of  Operation  by  the  Direct- 
Current  AND  Alternating-Current  Systems:  Woodlawn  to 
Stamford. 


Items. 

Direct-current. 

Alternating-current. 

r  Int.  40/0 

Fixed  Charges  ]Taf|l^ 

I        1^  % 

Depreciation. 

(Annual  sums  required 

cumulate  a  fund  suffici 

extinguish  cost  at  expi 

%          I 
Risks  r 

to  ac-  1 
ent  to  1 
ration  f 

7%  on  $4  100  000 

Assumed  life  of  20 
years  =  .3:iti0  per 
jiooo 

$287  000 
137  7()0 

90  200 
115  500 

7%  on  $4  000  000 $280  000 

Assumed    life  of  20 
years,   except   for 
the     troUev     sys- 
tem   -    3:160    per 
$1000 $117  600 

of  assumed  life) 

2%  of  cost.. ..$26  000 
"    •'     "             39  000 
840  000  miles 
@3c 25  200 

18  500  000  kw- 
hr.     @     ,% 
cent $92  500 

3  (a   $()  000. . .    18  000 

Personal  in- 
juries      5  000 

Assumed  life 
of     trolley 
system.     5 
years     = 
184.60     per 

$1000 92  300 

209  900 

2H  of  cost...  $30  000 
...     25  000 

Maintenance. 

Generating  stations 

Distributing  system 

Rolling  stock 

1230  000  miles 

Operation    (exclusive  of 
nance) . 
Generating  stations  . . . 

Sub-stations  

mainte- 

(g)6c 73  800 

128  800 

18200  000  kw- 
hr.     @     i% 
cent $91  000 

Distributing  system 

Personal    in- 
juries      25  000 

lltifMIO 

Grand  totals 

$630  460 

$734  700 
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Mr.  wiigus.  Excess   cost   of   alternating-Cur- 
rent  over   direct-current   north 

of  Woodlawn $104  240  per  annum  =  16  per  cent. 

Add  excess  cost  of  operating 
alternating-current  locomotives 
on  direct-current  territory. ...        40  950     "         " 


Total  excess  cost  to  New  Haven 
Company  by  adoption  of  alter- 
nating-current system $145  190     "  "        =■  23  per  cent. 

It  will  thus  be  seen  that,  under  the  conditions  of  traffic  on  the  New 
Haven  Road,  the  alternating-current  system  costs  16%  more  to  operate 
than  the  direct-current  system,  and  if  the  excess  cost  of  operating 
alternating-current  locomotives  on  direct-current  territory  is  con- 
sidered, the  loss  is  23  per  cent.  If,  in  the  estimate,  consideration  had 
been  given  to  the  use  of  the  multiple-unit  cars  for  suburban  service, 
instead  of  locomotives,  the  direct-current  system  would  show  even  a 
greater  saving. 

Summarizing  all  the  cost  figures  for  steam,  direct-current  and 
alternating-current  service,  on  both  the  New  York  Central  and  the 
New  Haven  lines,  and  adding  locomotive  wages,  so  as  to  agree  with  the 
conclusions  given  in  the  paper,  the  comparative  annual  results  are: 

New  York  Central  (Ultimate  Electric  Zone). 

Steam 1  000  000  thousand  car  ton-miles 

at  $2.77 $2  770  000 

Electric:  direct-current.  .  1000  000  thousand  car  ton-miles 

at  $2.02  2  020  000 

Difference :  Saving $750  000 


New  Haven  Company  (Woodlawn  to  Stamford). 


Direct-current. 
(Not  adopted.) 

Alternating-current. 
( Adopted. ) 

Loss  by  al- 
ternating- 
current 
system. 

Steam 

.  262  500  thousand  car  ton- 
miles  @  'i2  77         

S727  125 
711  310 
$15  815 

262  500  thousand  car  ton- 
miles  f?r   S2.77 $727  125 

262  .500 thousand  carton- 
miles  ((T  $3.11  ± 815  5.50 

Electric 

.  262  50(J  thousand  car  ton- 
miles  ff>  $2.71  ± 

Loss $88  425 

Add  for   loss  south  of 
Woodlawn 40  950 

$104  240 

! 

40  950 

Total  loss $129  375 

$145  190 
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These  figures  are  not  claimed  to  be  absolutely  accurate,  as  the  New  Mr.  wiigus. 
Haven  Company's  detailed  costs  have  been  withheld,  but  they  are  based 
on  careful  estimates  made  on  the  ground,  and  are  believed  to  be  suflB- 
ciently  accurate  to  enable  one  to  form  the  reasonably  correct  conclu- 
sion that,  under  the  conditions  existing  on  the  territory  in  question, 
the  New  York  Central,  by  reason  of  its  adoption  of  the  direct-current 
system,  will  ultimately  show  a  very  large  saving  over  steam,  say,  ap- 
proximately, $750  000  annually;  and  that  the  New  Haven- Company, 
instead  of  showing  the  saving  over  steam  of,  say,  $15  000  annually, 
which  might  have  reasonably  been  expected  from  the  use  of  the  direct- 
current  system,  will  show  a  loss  of,  say,  approximately,  $129  375 
annually,  a  total  net  loss  of,  say,  $145  190  annually. 

Conclusions. — From  the  foregoing  it  seems  proper  to  draw  the  con- 
clusions that  the  early  decision  of  the  New  York  Central  to  adopt 
direct-current  to  fit  its  local  conditions,  has  resulted  in  the  following 
advantages  that  would  have  been  denied  had  the  system  been  selected 
that  Mr.  Murray's  company  later  adopted: 

(a)  Timely  relief  of  the  public  from  the  products  of  combustion 
and  noise  of  the  New  York  Central's  steam  locomotives  in  the  Park 
Avenue  Tunnel  and  along  Park  Avenue; 

(b)  A  reliable  and  efiicient  substitute  for  steam  service; 

(c)  Compliance  with  the  law,  and  hence  absence  of  danger  of 
drastic  fines  for  use  of  steam  locomotives  in  Park  Avenue  after  July 
1st,  1908; 

(d)  Promise  of  substantial  economies  of  operation  which,  upon  the 
completion  of  the  change  to  Harmon  and  North  White  Plains,  are 
believed  will  approximate  $750  000  annually. 

As  previously  stated,  Mr.  Murray  misinterprets  the  intention  of  the 
paragraph  he  first  quoted;  and,  in  "controverting  the  statements  made 
against  the  alternating-current  system,"  he  has  undertaken  an  un- 
necessary task.  The  writer  has  genuine  pleasure  in  cordially  agreeing 
with  him  "that  the  near  future  will  see  the  high-voltage  distribution 
system,  with  its  attendant  alternating-current  locomotive,  propelling 
trains  from  and  between  terminals  *  *  *  ";  but,  for  the  sake  of 
both  stockholders  and  public,  let  it  not  be  forgotten  that  there  are 
other  items,  in  addition  to  "density  of  traffic,"  which,  if  ignored,  lead 
to  a  misapplication  of  a  worthy  system. 
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The  subject  of  a  proper  allowance  for  stresses  in  columns  has  been 
treated  so  often  by  theorists  that  it  may  seem  as  though  no  more  could 
be  said  on  the  subject  without  danger  of  exhausting  the  patience  of 
the  engineering  profession;  but,  in  spite  of  all  the  theories,  the  prac- 
tice of  steel  designers,  as  shown  by  the  specifications  in  general  use 
to-day,  may  well  bear  further  consideration. 

The  reason  for  this  is  that  all  "rational"  column  formulas,  based 
on  the  elastic  properties  of  the  steel,  are  founded  on  considerations 
which  are  applicable  only  to  ratios  of  length  to  radius  of  gyration  far 
beyond  those  allowed  in  actual  construction.  It  is  known,  in  a  gen- 
eral way,  that  steel  in  compression  should  not  be  strained  as  high  as 
in  tension,  and  there  is  a  popular  impression  that  the  only  reason  for 
this  is  that  when  the  ratio  of  Z  to  r  increases  above  0,  or,  at  most, 
above  a  value  very  little  above  0,  the  strength  becomes  lessened  rapidly 
on  this  account;  but  there  has  been  a  growing  tendency  to  neglect  the 
fact  that,  even  in  very  short  columns,  there  is  not  the  same  unit 
strength  manifested  against  compressive  and  tensile  stresses. 


*  Presented  at  the  meeting  of  February  19th.  1908. 
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The  reason  for  this  difference  is  manifest  from  a  moment's  con- 
sideration. It  may  be  admitted  that,  within  the  elastic  limit,  the 
modulus  of  elasticity  is  practically  the  same,  whichever  way  the  metal 
is  strained — in  tension  or  compression.  One  may  even  go  further  and 
admit  thal_the  elastic  limit  is  practically  the  same  for  both  stresses; 
but,  what  happens  after  the  elastic  limit  is  passed?  In  tension,  the 
member  merely  straightens  out — if  it  is  not  straight  to  start  with — 
and  stretches,  while  with  every  increase  in  length  comes  an  increase  in 
resisting  strength  until  the  ultimate  strength  is  reached,  the  final 
strength  being  nearly  twice  as  great  as  it  was  at  the  elastic  limit. 

In  compression,  however,  soon  after  the  elastic  limit  is  passed,  the 
column  will  cripple,  and  the  more  it  cripples  the  weaker  it  becomes. 
It  is  not  necessary  to  consider  the  ideal  conditions  of  exact  equilibrium 
in  the  resisting  power  of  a  section,  when  crippling  would  not  take 
place,  because  the  equilibrium — unstable  at  the  best — is  not  attainable 
in  practice.  On  the  other  hand,  it  must  be  admitted  that  the  ductility, 
which  is  of  such  great  advantage  in  tension,  is  not  present  to  an 
appreciable  amount  in  compression,  and  that  the  ratio  between  work- 
ing stresses  and  destructive  stresses  in  all  structures  depends  on  the 
compression  members,  and  not  the  tension,  when  anything  like  equal 
working  units  are  allowed  in  the  two. 

An  examination  of  the  results  of  tests  of  full-sized  columns  made 
by  Tetmajer,  Marshall,  Christie,  Bouscaren,  Strobel,  Lanza,  and  the 
Watertown  Arsenal,  shows  strengths  of  wrought-iron  columns,  in  which 
the  Z  -=-  r  does  not  exceed  120,  of  from  16  000  to  43  000  lb.  per  sq.  in., 
and  for  mild  steel,  from  18  000  to  46  000  lb.  per  sq.  in.  By  far  the 
larger  part  of  these  range  between  22  000  and  34  000  lb.  for  iron,  and 
between  22  000  and  46  000  lb.  for  steel.  It  is  very  noticeable,  also, 
that  one  finds  results  of  more  than  28  000  lb.  with  the  longest  length 
and  less  than  this  amount  with  values  of  Z  -f-  r  as  small  as  30.  While 
the  axis  drawn  through  the  central  portion  of  the  group  of  these  ex- 
periments, when  plotted,  shows  some  inclination  toward  lower  values 
for  increased  length,  the  center  of  the  group  lies  at  about  30  000  lb. 
when  I  -^  r  =  90,  and  there  is  very  little  increase  in  strength  mani- 
fested in  the  tests  with  a  lesser  length  than  this.  It  is  apparent,  there- 
fore, that  if  the  compression  is  allowed  to  run  as  high  as  16  000,  the 
factor  between  working  stress  and  ultimate  will  not  exceed  2.  In 
tension  members,  on  the  othfr  liiiiid,  the  corresponding  factor  is  nearly  4. 
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The  answer  to  this  argument  is,  of  course,  that  nobody  cares  what 
the  factor  between  working  strain  and  ultimate  may  be,  as  one  is 
really  interested  only  in  the  elastic  limit,  which  it  is  never  intended 
to  reach.  Is  it  not  time  to  call  a  halt  on  this  line  of  reasoning?  Have 
not  engineers  been  overconfident  in  their  ability  to  design  structures 
so  that  all  possible  contingencies  are  taken  into  account?  One  would 
not  willingly  make  use  of  a  material  in  tension  which  had  no  stretch 
beyond  the  elastic  limit,  yet  it  would  be  in  no  way  more  hazardous 
than  to  neglect  the  fact  that  such  is  the  case  with  compression  mem- 
bers, unless  a  greater  factor  below  the  elastic  limit  were  allowed  in 
these. 

The  history  of  the  development  of  the  column  formulas  used  in 
bridge  specifications  may  shed  a  little  light  on  the  way  in  which  unit 
strains  have  crept  up. 

The  adaptation  of  the  Gordon  formula  to  wrought-iron  columns  by 
Rankine  had  for  a  numerator  36  000  lb.  That  is,  Eankine  recom- 
mended that  this  value  be  assumed  for  the  ultimate  strength  of 
wrought  iron  in  compression  of  short  columns.  The  earlier  specifi- 
cations for  railroad  bridges,  in  which  Rankine's  formula  was  used, 
recommended  7  500  or  8  000  in  the  numerator  when  10  000  was  used 
for  tension,  and  this  difference  between  the  numerator  of  the  com- 
pression formula  and  the  tensile  unit  has  been  retained  to  a  large 
extent  in  specifications  until  recently. 

When  the  straight -line  formula  was  first  introduced,  it  was  recom- 
mended for  the  reason  that  a  straight  line  could  be  drawn  that  would 
coincide  very  well  with  the  plotted  results  of  experiments  for  ratios 
of  Z  to  r  between  90  and  150,  and  that,  in  giving  less  values  than  ex- 
periments warranted  above  this  point,  it  erred  on  the  side  of  safety. 
The  straight  line,  thus  drawn,  when  prolonged  the  other  way,  reached 
the  I  —.-  r  =  0  line  at  about  the  tensile  value  of  the  steel,  making  the 

formula  take  the  form,  A  =  5  —  C  X     ,in  which  A  =  the  allowable 

T 

compressive  stress,  and  B  ;=  the  allowable  tensile  stress.  This  simple 
form  appealed  strongly  to  engineers,  and  was  readily  accepted  by 
many,  but  the  fact  was  not  recognized  by  all  that  the  line  when  plotted 
goes  far  above  the  experiments  for  values  of  Z  -=-  r  less  than  90.  The 
tables  by  C.  L.  Strobel,  M.  Am.  Soc.  C.  E.,  for  the  strength  of  Z-bar 
columns  were  based  on  a  straight-line  formula,  but  this  is  a  notable 
Jjistance  of  recognition  of  the  error  of  the  formula  for  short  lengths. 
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because  he  limited  his  stresses  to  12  000  when  the  straight  line  went 
higher  than  this  amount. 

At  this  point,  may  be  noted  what  seems  to  have  been  an  unwar- 
ranted change  in  specifications,  due  to  the  reprehensible  practice  of 
copying  from  one  to  another  with  slight  changes.  There  have  always 
been  many  engineers  who  liked  the  form  of  the  Rankine  formula  and 
refused  to  give  it  up.  Many  appear  to  have  been  struck  with 
the  simplicity  of  the  straight-line  formula  in  having  the  unreduced 
compression  unit  the  same  as  the  tension,  and,  wishing  to  take  ad- 
vantage of  this  feature,  but  still  adhering  to  the  Rankine  form,  they 
adopted  the  tension  unit  for  the  numerator  of  the  formula.  This 
throws  the  curve  entirely  above  the  field  of  tests,  and,  apparently,  can- 
not be  defended  by  any  reasoning. 

A  later  development  of  the  specifications  which  are  based  on  the 
form  of  the  Rankine  formula  and  still  retain  the  tension  unit  in  the 
numerator,  is  to  adopt  a  lower  constant  in  the  denominator.  This, 
by  some,  is  made  20  000,  and  by  others,  8  000.  The  former  brings  the 
curve  within  the  outer  limits  of  the  group  of  tests,  while  the  latter 
passes  well  through  the  middle  of  the  group  for  values  oi.  I  -i-  r  greater 
than  50,  but  is  above  the  group  for  lower  values. 

Perhaps  enough  has  been  said  to  show  that  the  formulas  in  general 
use  to-day  need  to  be  sawed  off  at  the  end  toward  low  values  oi  I  -^  r. 
It  may  also  be  said  that  they  all  need  to  be  amputated  at  the  other  end. 
Mr.  Schneider,  years  ago,  suggested  that  values  oi  I  -^  r  greater  than 
100  should  not  be  allowed  in  main  members,  and  this  limitation,  with 
slight  variations,  has  been  generally  accepted  since  that  time  as  an  es- 
sential of  good  practice. 

If,  then,  the  Rankine  formula  be  used,  with  the  numerator  value 
equal  to  the  tension,  and  the  compression  stress  be  limited  to,  say, 
75%  of  the  tension,  and  the  value  of  Z  -=-  r  to  100,  or  thereabouts,  one 
obtains  for  a  diagram  a  horizontal  line  running  to  a  cusp,  then  a 
concave  curve  running  to  another  cusp,  then  another  straight  line. 
Could  anything  be  more  irrational?  The  straight-line  formula  is  little 
better;  the  only  difference  being,  that,  in  the  middle  portion,  there  is 
a  straight  line  instead  of  the  curve.  How  much  better  it  would  be 
to  use  a  continuous  curve  throughout,  embodying  its  own  limitations 
at  each  end! 

The  late  J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  suggested  this  same 
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thought  in  his  book  on  Modern  Framed  Structures,  and  proposed  a 
parabola.  This  is  safe  and  simple;  though,  if  the  vertex  is  kept  down 
to  a  safe  value  of  stress  for  short  lengths,  and  the  limitation  oi  I  -i-  r 
is  made  not  higher  than  120,  the  central  portion  of  the  curve  does 
not  reach  as  high  as  tests  would  warrant. 

An  elliptical  curve  fits  the  case  much  better,  the  ellipse  being  drawn 
with  its  center  at  the  zero  value  for  both  stress  and  Z  -=-  r,  and  having 
for  one  semi-diameter  the  limiting  value  oi  I  -^  r,  and  for  the  other 
the  limiting  stress  for  zero  lengths.     The  form  of  this  equation  is: 


A=Bll  ^' 


{Grf 

in  which  A  =  the  allowable  stress,  B  =^  the  maximum  stress  at  Z  -^-  r 
=  0,  and  0  =  the  maximum  value  oi  I  -¥-  r  allowed.  This  curve  is 
easy  enough  to  plot  as  an  ellipse,  but,  if  a  diagram  be  only  arranged 
so  that  on  the  scale  of  ordinates  B  is  of  the  same  length  as  C  on  the 
scale  of  abscissas,  the  curve  becomes  the  quadrant  of  a  circle. 

The  diagram.  Fig.  1,  illustrates  graphically  a  number  of  curves  of 
well-known  specifications,  together  with  the  results  of  tests,  by  the  ex- 
perimenters previously  referred  to,  reduced  so  as  to  allow  for  a  proper 
factor  of  safety.  This  reduction  is  made  so  that  the  experimental  re- 
sults can  be  compared  with  the  formulas  in  their  usual  forms.  The 
reduction  applied  is  proportional  to  the  ratio  between  the  tension  unit 
and  the  ultimate  tensile  strength  of  the  metal.    That  is,  for  wrought 

K;  000 
iron,  the  test  values  are  multiplied  by  -^  ^.■^,  and  for  steel  the  multi- 

.     IGOOO 
^^^^^  ^^  60000" 

The  proposed  formula,  as  plotted,  is  based  on  limiting  values  of 

compressive  stress  of  12  000,  and  of  Z  -f-  r  of  120,  which  appear  to  be 
warranted  by  experiments  and  by  good  practice,  and,  as  the  scales  are 
arranged,  the  curve  is  circular. 

The  writer  puts  forward  a  new  formula  with  great  diffidence,  know- 
ing well  that  custom  is  a  very  difficult  thing  with  which  to  contend, 
and  how  cold  a  reception  new  compression  fonaulas  have  met  in  the 
past;  but,  considering  how  poorly  the  formulas  now  in  use  fulfill  the 
requirements,  and  realizing  that  the  public  is  fully  awakened  at  the 
present  time  to  their  insufficiency,  the  time  seems  to  be  opportune  for 
at  least  siiggesting  the  possibility  of  an  improvement. 
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DISCUSSION. 


Mr.  Seaman.  Henry  B.  Seaman,  M.  Am.  Soc.  C.  E.  (by  letter). — It  may  be  too 
early  yet  for  a  Special  Cominittee  to  advise  as  to  the  proper  column 
formula  to  be  used  in  structural  work,  but  Mr.  Worcester's  paper 
brings  us  one  step  nearer  its  appointment. 

To  the  writer's  mind,  there  never  has  been  sufficient  reason  for 
abandoning  the  Eankine  formula.  The  basis  of  its  formation  is  the 
provision  that  a  column  receives  both  direct  strain  and  bending  strain. 
The  direct  strain  is  readily  provided  for,  and  the  effect  of  bending  is 
found  by  experiment,  the  results  of  which  are  used  in  determining  the 
coefficient  of  r^.  It  would  seem  better  to  plot  the  results  of  these  tests 
upon  the  basis  of  ultimate  strength,  rather  than  working  strength,  as 
il  keeps  the  mind  more  directly  on  the  actual  data  observed.  The 
formula  can  then  be  modified  for  working  strength,  either  by  taking  a 
certain  proportion  of  the  numerator  as  a  factor,  or  by  other  modifica- 
tion, if  preferred. 

It  should  be  remembered  that  details  are  designed  upon  an  assumed 

value  of  ^  =  12,  where  I  equals  the  length  and  d  the  least  diameter  of 

a  solid  rectangular  column.  In  designing  columns,  therefore,  a  greater 
strain  should  not  be  permitted  than  that  for  which  the  details  are  de- 
signed, that  is,  for  a  less  value  of  ^^    than  12.     This  serves,  as  Mr. 

Worcester  has  expressed  it,  to  truncate  the  formula  for  very  short 
columns.  Since  the  Rankine  formula,  however,  provides  for  bending 
as  well  as  compression,  it  conforms  with  the  tests  on  long  columns  bet- 
ter than  does  the  straight-line  formula,  and,  for  that  reason,  to  the 
writer's  mind,  is  the  most  valuable  formula  we  have.  There  has  never 
seemed  to  be  any  excuse  for  the  adoption  of  a  straight-line  formula, 
except  simplicity  in  plotting  and  ease  in  memorizing.  Confessedly,  it 
does  not  conform  to  tests  on  long  columns,  it  is  not  applicable  beyond 
certain  restricted  limits,  and  finally,  since  it  involves  r  instead  of  r^, 
it  cannot  be  used  as  readily  without  the  assistance  of  tables;  yet  tables 
will  assist  equally  well  with  any  formula. 

A  recent  study  of  the  tests  mentioned  by  Mr.  Worcester  has  led 
the  writer  to  adopt  the  following  formulas : 

For  Steel  and  Wrought  Iron :  For  Cast  Iron : 

a  a 

P  = ^-  P  -- 

8  000  r^ 

^fr.  Worcester  very  properly  calls  attention  to  the  fact  that  the 
failure  of  a  column  occurs  when  it  begins  to  cripple,  while,  with  the 
tension  member,  if  allowed  time  to  rest,  the  material  becomes  even 
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slrniigcr  because  of  the  work  of  overstrain  which  it  has  received.  This  Mr.  Seaman, 
would  enable  us  to  permit  a  higher  factor  of  safety  upon  tension  mem- 
brrs  than  upon  compression  members,  were  it  not  for  the  fact  that  a 
permanent  elongation  of  a  tension  member  would  deform  the  struc- 
ture to  such  an  extent  as  to  change  the  strains  for  which  it  was  do- 
signed,  and  possibly  cause  failure  on  that  account.  It  must  also  be 
remembered  that  the  element  of  fatigue — and  possibly  that  of  moment- 
ary impact — need  not  be  considered  in  the  bending  of  the  column, 
and  therefore  the  extra  material  used,  in  order  to  prevent  bending,  is 
an  additional  factor  of  safety,  which  the  tension  member  does  not 
possess. 

The  recent  tendency  in  structural  design  seems  to  be  to  increase 
the  live  loading  by  a  given  factor  in  order  to  derive  an  equivalent 
static  strain,  and  then  to  design  the  parts  for  these  static  strains, 
rather  than  the  old  method  of  using  a  factor  of  safety  to  cover  defects 
in  material,  increase,  and  extraordinary  effects  of  loading,  etc.  If 
the  live-load  strains  can  be  increased  so  as  to  cover  all  possible  con- 
tingencies, and  if  a  dead  load  can  be  assumed  which  will  not  be  ex- 
ceeded under  any  circum.  stances,  it  would  seem  safe  to  place  the 
i:llowable  strain  at  one-half  or  two-thirds  of  the  elastic  limit.  It  is 
on  this  basis  that  long-span  bridges  are  designed;  and,  by  the  adoption 
of  a  formula  in  which  this  factor  would  vary  with  the  various  lengths 
of  span,  the  same  method  of  proportioning  could  be  adopted  for  shorter 
spans.  Future  specifications  will  probably  tend  in  the  direction  of  some 
such  method  of  design. 

Luzerne  S.  Cowles,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). — Mr.  Mr.  cowies. 
Worcester  need  hardly  offer  an  apology  for  continuing  the  agitation  con- 
corning  compressive  stresses  to  be  allowed  in  designing  structural  steel- 
work. The  writer,  from  the  beginning  of  his  career,  and  in  fact  during  his 
college  course,  has  been  decidedly  baffled  by  the  numerous  formulas  for 
allowable  safe  compressive  stresses,  and  had  begun  to  believe  that  most 
so-called  "rational"  formulas  were  made  up  to  assist  the  designer  in 
making  a  comparatively  safe  guess.  The  question  arises,  however,  as 
to  whether  all  the  commonly  accepted  formulas  do  really  give  the 
margin  of  safety  that  is  desired  and  is  assumed  to  exist. 

C.  C.   Schneider,  Past-President,  Am.   Soc.   C.  E.,  has  frequently        I  f 
called  attention  to  the  fact  that  the  elastic  limit,  and  not  the  ultimate         1 1 
strength,  should  be  especially  considered  in  deciding  the  real  factoi-         i 
of  safety.     This  gives,  for  tension,  and   supposedly  for  compression, 
a  real  factor  of  approximately  2,  on  the  basis  of  16  000  lb.  per  sq.  in. 
for  static  loads.     The  writer  agrees  with  this,  particularly  where  com- 
pression is  involved. 

In  the  light  of  recently  published  data  of  experiments  on  full-sized 
compression  members,  it  would  seem  that  this  real  factor  of  safety  of 
2  had  even  been   seriously  encroached   upon,  leaving  far  too  lean   a 
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Mr.  cowies.  margin  of  safety  for  structures  where  human  life  is  at  stake.  When 
one  considers  the  astounding  results  of  Mr.  Buchanan's  tests,*  where 
the  fiber  stress  at  crippling,  even  for  so-called  "short"  columns,  was 
below  the  accepted  elastic  limit,  it  seems  to  be  high  time  to  consider 

(reducing  the  allowable  unit  stress  for  compression  below  that  for  ten- 
sion, even  though  the  modulus  of  elasticity  and  the  elastic  limit  appear 
in  the  laboratory,  and  no  doubt  are,  approximately  the  same  for  each. 

Most  railroad  bridge  specifications  insist  that  no  compression  mem- 
ber shall  have  a  length  exceeding  100  times  its  least  radius  of  gyration, 
except  for  bracing,  where  a  ratio  of  120  may  be  used.    In  other  words, 

a  main  compression  member  in  which  the      is  100,  will  carry  safely 

0  000  lb.  per  sq.  in.,  whereas  the  use  of  a  main  member  in  which  the 

—  is  greater  than  100  is  disapproved.    This  is  according  to  a  standard 

straight-line  formula,  and  it  seems  that  the  use  of  very  "long''  columns 
is  not  discouraged  to  the  extent  that  it  should  be. 

Is  not  then  the  really  "rational"  formula  one  which  gives  com- 
paratively low  results  for  the  allowable  fiber  stress  for  the  longest 
columns  consistent  with  good  design,  and  errs  on  the  side  of  safety 
for  the  occasional  exceptionally  short  strut?  Mr.  Worcester's  proposed 
formula  seems  to  fill  these  conditions,  and  while  it  may  not  be  perfect 
in  its  present  form,  it  is  surely  a  step  in  the  right  direction,  and  fur- 
nishes a  basis  for  a  truly  sensible  formula.  With  his  customary 
modesty,  the  author  of  the  proposed  formula  has  failed  to  point  out 
its  commendable  features.     The  writer  suggests  the  following: 

(a). — Reducing  the  allowable  stress  for  "short"  columns  so  as  to 
give  a  reasonable  factor  of  safety; 

(b). — Discouraging  the  use  of  columns  in  which  the    -is  greater 

than,  say,  90  to  100; 
(c). — Placing  the  allowable  stresses,  for  columns  in  which  the 

ratios  of    ;  lie  between  30  and  90,  at  figures  which  are 

slightly  below  the  average  results,  as  shown  by  numerous 
tests. 
Mr.  Knimons.  CjiARLES  M.  Emmons,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer 
is  much  interested  in  this  paper.  Mr.  Worcester's  plotting  of  the  re- 
sults of  actual  tests,  reduced  by  a  safe  working  factor,  and  also  his 
plotting  of  the  several  column  formulas,  to  the  same  scale,  reveals  very 
graphically  the  inconsistencies  and  the  wide  divergencies  of  these 
formulas. 

The  writer  is  not  as  fully  impressed  with  the  idea  of  a   formula 

being  self-limiting  at  the  highest  allowed  value  of     .    In  attempting 
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to  do  that,  the  author's  curve  appears  to  be  as  inconsistent  with  the  Mr.  Emmons, 
tests  as  would  be  a  straight-line  formula.     The  writer  realizes  that  a 

I 
formula  should  be  of  such  form  that,  if  the  allowed  value  of   .  be  not 

fixed  arbitrarily,  it  will  yet  be  in  no  wise  dangerous,  for  the  reason 
lluit  someone  with  more  "nerve"  than  judgment,  or  through  ignorance 

or  other  cause,  will  occasionally  use  such  a  formula  as  — — ^ 

1  + 


to  the  limit.  This  danger  was  just  lately  brought  to  the  writer's  atten- 
tion in  a  case  where,  for  compression  members,  more  than  10  ft.  long, 
having  a  stress  of  about  4  000  lb.,  a  prominent  engineer  used  a  single 

I 
angle  2|  by  2  by  ^  in.    The   ,  is  more  than  300,  and  yet,  according  to 

the  formula,  it  should  carry  the  load  safely. 

The  use  of  any  formula  which  may  be  based  on  a  series  of  observa- 
tions, like  those  given  by  the  author,  should  not,  with  confidence,  be 
pushed  very  far  beyond  the  limits  of  those  observations.  Such  a 
formula,  however,  should  take  full  advantage  of  what  is  indicated  as 
safe  by  those  observations. 

Again,  the  formula  proposed   by  the   author,  where  one  would  be 

.     .  I 

practically  limited  to  ^  =  112,  would  be  prohibitive,  in  many  classes 

of  work,  especially  for  secondary  members. 

In  view  of  these  considerations,  the  writer  would  prefer  the  use  of 

a  parabola  with  values,  say,  12  000  (1  —  TFa^^f  '  ^^'^*'^  *^'^^  limitiui^ 
allowed  value  of  .  prescribed.  The  formula  is  practically  self -limit- 
ing  at       =  150.     It  will  be  observed  that  this  curve  gives  practically 

the  same  values  as  the  circle  up  to    -  =  80,  and  from  that  point  it 

follows  the  tests  far  better,  taking  advantage  of  what  the  tests  indicate 
as  safe,  and  yet  in  no  case  becoming  dangerous. 

Henry  S.  Prichard,  M.  Am.  Soc.  C.  E.  (by  letter).— The  intro- Mr.  Prichard. 
ductory  paragraphs  of  this  paper  give  the  impression  that  the  author 
attaches  slight  importance  to  theory  in  regard  to  columns.  Would  it 
not  be  well  to  discriminate  somewhat  in  this  regard?  It  is  unfortunate 
that  a  single  word,  "Theory,"  is  popularly  used  (with  the  sanction  of 
the  dictionaries)  to  designate  "a  body  of  the  fundamental  principles 
underlying  any  science  or  application  of  a  science,"  and  the  radically 
different  conception  "a  proposed  explanation  designated  to  account  for 
any  phenomena,"  no  matter  how  visionary  the  assumptions,  fallacious 
the  arKument,  or  foolish  the  conclusion.    It  is  natural  and  proper  that 
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Mr.  Prichard.  many  of  the  proposed  explanations  of  the  behavior  of  columns  should 
be  held  in  light  esteem,  but  it  is  highly  desirable  that  engineers  should 
understand  and  apply  the  principles  of  mechanics  to  the  design  of 
columns.  Without  such  an  understanding,  the  phenomena  observed 
in  practice  and  in  the  numerous  compression  tests  are  to  a  considerable 
extent  a  set  of  seemingly  discordant  facts. 

Keferring  to  the  fact  that  the  practice  of  steel  designers  with  re- 
gard to  columns  may  well  bear  further  consideration,  the  author  states : 

"The  reason  for  this  is  that  all  'rational'  column  formulas,  based 
on  the  elastic  properties  of  steel,  are  founded  on  considerations  which 
are  applicable  only  to  ratios  of  length  to  radius  of  gyration  far  beyond 
those  allowed  in  actual  construction," 

It  is  diflBcult  to  reconcile  this  statement  with  the  analyses  and 
equations  developed  by  Euler,  Cain,  Fidler,  Marston,  J.  B.  Johnson, 
Moncrieff,  and  others  who  have  determined  important  facts  regarding 
short  as  well  as  long  columns  by  reasoning  based  on  the  elastic  prop- 
erties of  steel  and  iron.  The  names  of  Tredgold,  Gordon,  and  Eankine 
have  purposely  been  omitted  from  this  list  for  the  reason  that  the 
formula  which  they,  by  successive  steps,  developed  is  based  on  the 
erroneous  application  to  columns  of  the  principle,  strictly  applicable 
to  beams,  that  the  greatest  possible  deflections  within  the  elastic  limit, 
of  beams  similar  as  to  section,  manner  of  loading,  and  end  conditions, 
are  proportional  to  the  squares  of  their  lengths  multiplied  by  the  elas- 
tic limit.  In  columns,  under  analogous  conditions,  the  greatest  de- 
flections within  the  elastic  limit  are  proportional  to  the  squares  of  their 
lengths,  multiplied,  not  by  the  elastic  limit,  but  by  the  differences  be- 
tween the  elastic  limit  and  the  mean  compressive  stresses  in  the  various 
columns. 

Euler's  formula  applies  only  to  long  columns,  but  he  should  be 
Included  among  those  who,  by  analysis,  have  determined  facts  as 
to  short  columns,  for  the  reason  that  his  formula  carries  with  it  the 
necessary  consequence  that,  under  ideal  conditions,  columns  which  are 
too  short  to  have  Euler's  formula  apply  to  them  will  have  a  uniform 
distribution  of  stress  and  no  deflection,  up  to  the  elastic  limit,  a  con- 
dition which  is  sometimes  closely  approached  in  laboratory  tests.  In 
practice,  of  course,  the  conditions  may  be  far  from  ideal,  but  Fidler, 
Marston,  J.  B.  Johnson,  Moncrieff,  and  others  have  made  valuable  and 
instructive  analyses  of  the  effect,  within  the  elastic  limit,  of  departures 
from  ideal  conditions. 

The  author  objects  to  the  practice  of  using  the  elastic  limit  as  the 
criterion  of  strength  without  regard  to  the  ultimate.  When  rest  oc- 
curs between  the  periods  of  straining  beyond  the  yield  point,  the  elas- 
tic limit,  which  at  first  is  somewhat  below  the  yield  point,  can  be 
raised  somewhat  above  it,  thus  making  a  permanent  gain  in  strength, 
I  the   usefulness   of   which   is   greatly  lessened   by   the   fact  that   when 
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structural  steel  of  the  usual  quality  is  overstrained  it  becomes  very  Mr.  Frichai-d 
ductile. 

When  only  a  small  portion  of  a  steel  member  is  overstrained,  and 
the  conditions  are  such  that  a  very  small  flow  of  the  ductile  metal 
brings  relief,  the  overstrained  steel,  by  regaining  its  elasticity  during 
a  rest,  accommodates  itself  to  the  conditions  with  comparatively  slight 
distortion.  Thus  ductility,  combined  with  the  recuperative  powers  of 
the  steel,  may  be  useful  in  adjusting  the  length  and  shape  of  members 
and  details,  and  in  raising  the  strength  of  pins,  etc.,  but  if  the  stress 
over  the  entire  cross-section  of  a  member  is  even  slightly  greater  than 
the  yield  point,  and  there  is  no  other  direct  path  for  it  to  follow,  the 
member,  if  in  compression,  will  buckle,  unless  it  is  very  short  and  stiff, 
and,  if  in  tension,  will  elongate  so  much  that  it  will  not  only  be  ir- 
reparably injured,  but  will  cause  ruinous  distortion  in  the  remainder 
of  the  structure,  and  possibly  the  failure  of  some  adjacent  compression 
member,  to  the  supposed  weakness  of  which  the  disaster  may  be 
erroneously  attributed. 

Between  ruinous  distortion  and  collapse  there  is  a  great  difference: 
Euinous  distortion  means  the  loss  of  the  structure,  while  collapse  may, 
in  addition,  cause  great  damage  and  loss  of  life.  The  possession  of 
strength  in  excess  of  the  yield  point,  even  though  it  be  but  temporary, 
is,  therefore,  of  some  value,  and  a  somewhat  higher  unit  stress  could 
be  allowed  in  members  which  possess  it  than  in  those  which  do  not. 
It  should  be  remembered,  however,  that  even  a  tension  member,  from 
some  action  which  starts  from  a  nick,  a  flaw,  a  jagged  edge,  a  thread, 
or  a  rivet  hole,  or  in  some  detail  from  no  distinctive  point,  may  break 
without  marked  elongation,  especially  under  shock. 

There  is  no  analytical  method  by  which  strength  within  the  elastic 
limit  can  be  equated  with  strength  beyond  it,  but,  other  things  being 
equal,  would  not  an  advantage  of  4  000  lb.  per  sq.  in.  fully  offset  the 
absence  of  any  strength  there  may  be  in  a  highly  ductile  metal  beyond 
that  limit?  To  assist  in  considering  this  question,  the  elongations 
beyond  the  yield  point  during  a  test  of  a  fairly  typical  eye-bar  are 
submitted  in  Table  1. 

TABLE  1. — Elongation  of  a  Typical  Steel  Eye-bar,  Measured  m  a 
Length  of  262J  In.  from  Center  to  Center  of  Pins. 


Load  per 

square   inch, 

in  pounds. 

Elongations: 

! 

Load  per 
square  inch.  1- 
in  pounds. 

Elongations: 

Inches.          Percentage. 

Inches. 

Percentage. 

35  000 

36  000 

37  000 

38  00(J 

39  000 

40  000 

0.55                      0.02 
2.07                      0.79 
2.75                      1.05 
3.77                      1.44 
4.21                      1.60 
4.56          1            1.74 

45  000 
50  000 

55  000 
60  000 
64  410 

56  710 

6.92 
9.75 
13.60 
20.63 
38.25 
40.65 

2.64 
3.72 
5.17 
7.&1 
14.6 
15.5 
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Mr.  Prichard.  A  strain  of  4  500  lb.  per  sq.  in.  in  excess  of  the  yield  point,  with 
a  percentage  of  elongation  equal  to  the  percentage  in  the  bar  cited,  if 
it  occurred  in  the  diagonal  eye-bars  of  a  bridge  panel  25  ft.  long  by  25 
ft.  high,  would  cause  a  distortion  of  the  bridge,  in  one  panel  length, 
of  9J  in.  This  would  be  a  severe  test  of  the  floor  system  and  top  chords. 
The  relation  of  the  yield  points  in  compression  to  those  in  tension 
was  well  shown  by  a  set  of  comparative  tests  by  the  late  Charles  A. 
Marshall,*  M.  Am.  Soc.  C.  E.,  a  synopsis  of  which  is  given  in  Table  2. 

TABLE  2. — Comparative  Tests,  in  Tension  and  Compression. 

All  from  the  same  blow  of  Bessemer  steel  as  it  came  from  the  rolls. 


Yield  Point. 

LHtimate 
strength  in 
tension,  in 
pounds  per 
square  inch. 

Size  and  shape  of 
test  piece. 

Compression, 
in  pounds  per 
square  inch. 

Tension: 

In  pounds  per    ,    Percentage 
square  inch,     i    of  ultimate. 

4  by  }^  in  

Not  given. 

49  055 
Not  given. 

47  300 
Not  given. 

43  8i5 

46  020 
Not  given. 

42  300 

43  460 
41290 
42  075 

Not  given. 

53  800                        75.5 
47  815                        68.8 
47  363                        68.9 
46  090                        66.8 
44  417                        65.8 
44  273                        64.7 
44  202                        65.0 
43  560                        63.6 
41  527            '            62.1 
41417                        61.9 
41  415                        62.4 
41  060                        C0.4 
40  747                        60.8 
40  275                        60.7 
40  017                        60.3 
39  397                        59.1 

71255 

69.390 

3  by  ?^  m 

68  657 

%  in.  round 

68  995 

3by  ]4  in 

67  527 

^  in.  square 

1  in.  round 

1  in  square 

68  427 

67  970 

68  510 

4  by  ?4  in 

66  917 

3  by  M  in 

4  by  1  in 

66  987 
66  230 

114  in.  square 

1^  in.  round 

1U  in       ■'      

67  973 
67  040 
66  363 

1^  in       '•      

66  333 

3  bv  1  in 

66  700 

114  in-  square 

3  by  2  in      

42  740                        39  317                        58.8 

Not  given.                  39  302                       59.1 

38  482                        57.7 

66  833 
66  537 

3  bv  1>4  in 

66  640 

2M  in.  square 

2  in.  round 

1^4  in.  square 

3  by  114  in 

39  940 
38  830 

40  630 
Not  given. 

36  840 
Not  given. 

38  310 

38  207                        58.2 

38  193             ,            57.5 

37  820                        57.0 

37  580 

37  000             i            56.5 

36680 

36  100 

35  917                        54.6 

Not  given. 

65  663 

66  400 
66  312 

4  by  11^  in 

2H  in-  round 

Not  given. 

65  460 
Not  given. 

2^4  in.  round 

3  by  15^  in 

65  762 

In  Table  2  the  strength  of  the  steel  increases,  in  a  general  way,  as 
the  size  and  thickness  of  the  sections  are  reduced.  A  similar  variation 
in  the  strength  of  wrought  iron  was  shown,  by  tests  made  by  the  United 
States  Board  on  Testing  Iron  and  Steel,t  to  be  due  to  reduction  in 
rolling.  In  most  cases,  the  results  for  compression  are  each  an  average 
of  two  tests,  and  for  tension,  of  three  or  four  tests.  The  average  of 
the  yield  points  given  in  Table  2  for  compression  is  1  432  lb.  per  sq. 
in.  greater  than  for  the  corresponding  results  for  tension.    The  results 


*  TramsactUms,  Am.  Soc.  C.  E.. 
t  Vol.  1.  1881,  pp.  35-15. 
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of  these  tests  cannot  be  applied  directly  to  tension  in  eye-bars.  The  m 
fact  that  eye-bars  are  annealed  puts  them  in  a  different  class  from 
material  as  it  comes  from  the  rolls,  as  the  steel  is  softened,  some  of  the 
good  effects  of  rolling  are  taken  away,  and  the  proportion  of  yield 
point  to  ultimate  is  lowered,  especially  if  the  bars  are  cooled  slowly. 
Except  in  rare  cases,  steel  as  it  comes  from  the  rolls  will  have  a  yield 
point  in  tension  exceeding  55%  of  its  \dtimate  strength,  while  the 
average  of  all  tlie  tests  (some  570  or  more)  of  full-sized  eye-bars,  made 
during  the  last  few  years  at  the  Ambridge  plant  of  the  American 
Bridge  Company,  gives  a  yield  point  equal  to  52^%  of  the  ultimate 
strength  of  the  full-sized  bar,  with  variations  above  and  below  this 
percentage.  It  is  not  wise  to  count  on  a  yield  point  of  more  than  50% 
of  the  ultimate  strength  of  the  bar. 

It  appears  from  the  foregoing  that  the  higher  yield  point  in  com- 
pression, of  steel  as  it  comes  from  the  rolls,  as  compared  with  the  yield 
point  of  annealed  eye-bars,  would  about  offset  the  advantage  which  the 
latter  possesses  of  some  temporary  strength  in  excess  of  the  yield 
point,  even  when  the  same  ultimate  tensile  strength  is  specified  for 
the  eye-bars,  as  determined  by  full-sized  tests,  and  steel  for  compression 
members,  as  determined  by  specimen  tests.  A  comparison  between 
the  strength  of  steel  in  compression  and  the  tensile  strength  of  built 
steel  members  is  a  different  matter,  and  introduces  a  somewhat  differ- 
ent set  of  questions.  Few  engineers,  however,  unless  they  are  opposed 
to  pin  connections,  would  permit  a  higher  unit  stress  for  the  net  area 
of  a  built  tension  member  than  for  an  eye-bar. 

With  the  exception  of  columns  made  of  pipes  and  single  angles, 
practically  all  columns  are  built  of  sections  and  plates.  The  rivets 
are  usually  assumed  to  fill  the  holes  and  take  the  place,  as  far  as  com- 
pression is  concerned,  of  the  sections  they  replace.  As  a  matter  of 
fact,  they  do  not  completely  fill  the  holes,  and  it  is  very  doubtful 
whether  they  wholly  make  good  the  loss  in  section.  They  are  seldom 
placed  closer  than  an  average  of  4  in.,  and  probably  they  are  more  j 
than  half  as  effective  as  the  metal  they  replace.  On  this  basis,  the  I 
allowed  stress  per  unit  of  gross  section  of  column  area  would  be  about 
seven-eighths  of  the  allowed  stress  per  unit  of  net  section  in  tension ; 
that  is,  if  16  000  lb.  per  sq.  in.  is  allowed  in  tension,  14  000  lb.  would 
be  a  corresponding  limit  for  compression.  There  are  other  considera- 
tions, however,  chief  of  which  is  the  weakening  influence  of  slender- 
ness  in  either  the  column  as  a  whole,  or  in  its  details. 

Notwithstanding  the  large  number  of  tests  that  have  been  made  in 
the  endeavor  to  determine  the  influence  of  slenderness  (Moncrieff,  in 
his  paper  on  "The  Practical  Column,"  cites  more  than  1  000),*  the 
practice  of  engineers  in  this  regard,  as  shown  by  the  author,  is  very 
diverse;   from  which  it  would  appear  that  the  lessons  taught  by  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  334. 
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Mr.  Pilchard,  tests  are  not  very  definite,  or  that  they  have  not  been  generally  under- 
stood. 

A  knowledge  of  the  principles  involved  is  of  great  importance, 
both  as  a  guide  to  the  making  of  useful  tests  and  as  a  key  to  under- 
standing the  phenomena  observed.  The  theory  of  columns  has  been 
partially  developed  by  correct  analysis,  but  it  has  frequently  been 
elaborated  so  much  that  the  essential  facts  have  been  buried  under 
what  Trautwine  called  ''heaps  of  mathematical  rubbish."  It  may  be 
well,  therefore,  to  present  a  concise  analysis  of  the  influence  of  length 
and  eccentricity  on  the  strength  and  stiffness  of  columns. 

Consider  a  column  with  frictionless  hinged  ends,  of  length,  I,  and 
radius  of  gyration,  r,  with  constant  cross-sectional  area.  A,  subjected 
to  a  longitudinal  load,  of  intensity,  p,  acting  with  an  intentional  ec- 
centricity, e,  and  an  accidental  eccentricity,  e'. 

In  consequence  of  the  eccentricity,  there  will  be  a  primary  inten- 
tional bending  moment,  p  A  e,  a  primary  accidental  bending  moment, 
p  A  e',  and  a  secondary  bending  moment,  p  A  ■^  ;  ^  being  the  de- 
flection. The  value  of  ^  can  be  obtained  from  the  well-known  equa- 
tion: J  ^  moment  T' 

"  C  E  A? ;  ^ 

in  which  E  is  the  modulus  of  elasticity  and  C  a  factor  which  varies 
with  the  shape  of  the  moment  diagram. 

The  moment  diagram  can  be  divided  into  two  parts,  the  diagram 
of  primary  moments  and  the  diagram  of  secondary  moments.  For  the 
determination  of  the  deflection  due  to  the  secondary  moments,  the 
value  of  C  will  vary  between  limits  of  which  the  upper  is  n^  and  the 
lower  depends  on  the  form  of  the  primary  moment  diagram:  if  it  is 
a  rectangle,  the  lower  limit  will  be  9.6,  while,  if  it  is  in  the  shape  of  a 
bow,  the  lower  limit  will  approach  very  close  to  the  upper  limit, 
TT*  =  about  9,87.  The  limits  are  so  narrow  that  it  can  be  taken  as  n' 
without  serious  error. 

For  the  determination  of  the  deflection  directly  due  to  the  primary 
moment,  the  value  of   C  will  vary  according  to  the  conditions,  but, 

for  convenience,  it  may  be  designated  — .     (If  the  cause  of  the  primary 

z 

bending  moment  is  the  eccentric  application  of  the  load,  z  will  equal 
1.234,  and  C  will  equal  8;  but,  if  the  cause  is  a  bow-shaped  bend  in 
the  axis  of  the  column,  z  will  be  approximately  equal  to  unity.  In 
the  applications  made  subsequently  in  this  discussion,  z  is  taken  as 
equal  to  1.234,  which,  in  some  cases,  is  a  trifle  high.  The  resulting 
stresses  and  deflections,  therefore,  are  a  trifle  high,  especially  for  the 
liigher  ratios  of  I  to  r.) 

Substituting  the  primary  intentional,  primary  accidental,  and  sec- 
ondary moments  in  Equation  1  gives 

^  _zpAr-  je  +  e')    ^  pA  J  f 

A  If  E  I-  An  Mf  r 
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To  simplify  the  development,  let 

TT^  E  7-2 

3  =  -^r-' 


Mr.  Prichat 


(••5) 


This  is  Euler's  formula,  and,  as  it  facilitates  the  application  of  the 
final  equations  to  have  the  values  of  q,  which  may  be  termed  a  modulus 

of  rupture,  determined  for  various  values  of and  tabulated,  Table  :i 

r 

is  submitted. 


-Values  for  Modulus  of  Buckling.* 

TT^  E 

E  =  29  000  000  lb.  per  sq.  in.  (  ,.  ) 

I  =  length,  in  inches,     r  =  radius  of  gyration,  in  inches. 


TABLE  3. 

Values  of  tlie  modulus  of  l)uckliug,  q  = 


I 

r 

Values  of  q. 
71555  000 

I 
r 

Valuer  of  q. 

Values  of  </. 

•z 

1     82 

42  567 

162 

10  906 

4 

17  889  000 

84 

40  564 

164 

10  642 

C 

7  950  500 

86 

38  700 

166 

10  387 

8 

4  472  200 

88 

36  960 

168 

10  141 

10 

2  862  200 

90 

35  336 

170 

9  904 

12 

1  987  600 

92 

33  816 

172 

9  675 

14 

1460  300 

94 

32  393 

174 

9454 

16 

1  118  000 

96 

31  057 

176 

9  240 

18 

883  390 

98 

29  802 

178 

9  034 

20 

715  550 

100 

28  622 

180 

8  834 

22 

591  360 

102 

27  511 

182 

8  641 

24 

496  910 

104 

26  463 

184 

8  454 

26 

423  400 

106 

25  473 

186 

8  273 

28 

365  080 

108 

24  549 

188 

8  098 

30 

318  020 

110 

23  655 

190 

7  929 

32 

279  510 

112 

22  817 

192 

7  764 

34 

247  590 

114 

22  0^ 

194 

7605 

30 

220  850 

116 

21271 

196 

7  451 

38 

198  210 

118 

20  556 

198 

7  301 

40 

178  890 

120 

19  876 

200 

7  155 

42 

162  260 

122 

19  230 

202 

7  015 

44 

147  840 

124 

18615 

2(M 

0  878 

46 

135  260 

126 

18  029 

206 

6  745 

48 

124  230 

128 

17  469 

208 

6  616 

50 

114  490 

130 

16  936 

210 

6  490 

52 

105  850 

132 

16  427 

212 

6.368 

54 

98  155 

134 

15  940 

214 

6  250 

.56 

91  269 

136 

15  475 

216 

6  1.35 

58 

85oas   i 

138 

15  029 

1    218 

6  023 

60 

79  506 

140 

14  603 

t    220 

5  914 

62 

74  459 

142 

14  195 

222 

5808 

64 

69  878 

144 

13  803 

224 

5  704 

66 

65  707 

146 

13  427 

1    226 

5  604 

68 

61899 

148 

13  067 

1    228 

5  506 

70 

58  412   1 

150 

12  721 

230 

5^411 

72 

55  212 

152 

12.388 

232 

5  318 

74 

52  268 

154 

12  068 

234 

5  227 

76 

49  553 

156 

11  761 

236 

5  139 

78 

47  045 

1.58 

11465 

238 

5  053 

80 

42  722   j 

160 

11  180 

j    240 

4  969 

*  From  Proceedings.  Engineers' Society  of  Western  Pennsylvania.  July.  1907,  p.  341. 
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Substituting  q  for  its  value  in  Equation  2,  and  reducing,  gives 
ITence  the  secondary  moment  is 


(j—p  ■  ^ 


'P  A  /i  z=  p  A  {e  -\-  e')  — ^ —  z (.")) 

q—p 

Let  V  =  t}ie  distance  from  the  neutral  axis  to  the  extreme  fiber  on 

tlie  concave  side  of  the  column. 

The  stress  from  bending,  in  the  extreme  fiber  on  the  concave  side 

-    ,         ,            .     moment  X  F       _  ...  ,  ,  •      ,     x 

of  the  column,  is  ^ .      rlence,  \f  f  =  the  combined  stress 

in  the  extreme  fiber  on  the  concave  side. 


In  investigating  physical  laws,  the  work  of  the  study  and  the 
laboratory  should  be  complementary — a  proposition  generally  conceded, 
but  practiced  too  little  in  investigating  the  mechanics  of  structures. 

To  substantiate  Equation  4,  which  differs  in  form,  but  is  actually 
similar  to  one  given  by  MoncrieS,*  a  comparison  is  submitted  between 
the  deflections  calculated  therefrom  and  the  actual  deflections  in  tests 
made  at  the  Watertown  Arsenalf  of  four  wrought-iron  columns;  two 
consisting  of  two  8-in.  channels  and  one  12-in.  cover-plate;  and  two  of 
two  10-in,  channels  and  one  13-in.  plate.  In  both  cases  the  columns 
were  latticed  on  the  side  opposite  to  the  plate,  the  length  was  74  radii 
of  gyration,  the  load  was  applied  by  3-J-in.  pins  at  right  angles  to 
the  webs  of  the  channels,  and  placed  in  the  center  of  gravity  of  the 
channels.  The  modulus  of  elasticity  was  assumed  as  27  000  000  lb.,  and 
the  value  of  q  correspondingly  determined  as  48  600  lb. 

Considering  the  fact  that,  in  making  the  comparisons  in  Table  4, 
no  allowance  was  made  for  unintentional  eccentricity  or  pin  friction, 
the  agreement  is  as  close  as  could  reasonably  be  expected.  Moncrieff, 
in  connection  with  his  equation  for  deflection,  previously  referred  to, 
gives  a  large  number  of  comparisons  between  deflections  obtained  by 
applying  his  equation,  and  those  observed  in  tests,  which  tend  strongly 
to  establish  its  substantial  accuracy. 

The  maximum  compression  in  the  extreme  fiber  of  the  column 
bearing  the  test  number  1632,  has  been  calculated  for  tlie  ultimate  load 
l)y  Equation  6,  which  gives  36  600  lb.  per  sq.  in. 

The  amount  of  the  unintentional  eccentricity  will  fluctuate  greatly 
in  practice,  but,  in  devising  rational  formulas  for  use  in  designing, 
either  by  direct  application  or  through  empirical  formulas  founded  on. 
them,  the  greatest  amount  which  is  reasonably  possible  with  ordinary 
care  should   be  assumed.     The   amount  assumed  should   cover  inac- 

*  TrattHactions,  Am.  Soe.  0.  E.,  Vol.  XLV.  p.  :io9. 

t  Reports  for  1883,  pp.  16T  and  168;  and  1884,  pp.  54  and  55. 
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Test  1032: 

Test  1633: 

e  =    IM  IN. 

e=    l.MiN. 

A  =  17.57  SQ.  IN. 

A=  17.72  S(j.  IN. 

Load, 

in 

pounds. 

Deflections,  in  inches. 

Deflections,  in  inches. 

Calculated. 

Actual. 

Calculated. 

Actual. 

10  000 

0.02 

0.00 

0.02 

0.00 

20  000 

0.05 

0.01 

0.05 

0.01 

.50  000 

0.12 

0.10 

0.12 

0.09 

100  oon 

0.27 

0.22 

0.27 

0.21 

200  000 

0.61 

0.54 

0.61 

0.51 

250  01 1(1 

0.83 

0.77 

0.A3 

0.74 

280  0(K) 

0.97 

0.95 

0.97 

0.91 

800  Of  Ml 

1.08 

1.15 

1.08 

1.20 

306  000 

Ult.  Load. 

.307  000 

Ult.  Load. 

310  000 

1.14 

l.U 

Test  350: 
e  —    1.7  IN. 
A  =  12.48.SQ.  IN. 

Test 
e  =  1 
4=  . 

361: 

.3  IN. 

Load, 

in 
pounds. 

Deflections,  in  inches. 

Deflections,  in  inches. 

Calculated. 

Actual. 

Calculated. 

Actual. 

10  000 
20  000 
50  000 
100  000 
150  000 
180  000 
200  000 
202  700 
208  200 
210  000 

0.04 
0.07 
0.19 
0.41 
0.69 
0.89 
1.03 

'"i.'ii 

0.0 
0.03 
0.14 
0.37 
0.67 
0.90 
1.20 
Ult.  Load. 

0.03 
0.06 
0.17 
0.38 
0.64 
0.8:^ 
0.98 

"i!66 

0.0 

0.2 

0.12 

0.32 

0.58 

0.82 

1.05 

UlL  Lo^. 

curacies  in  boring  pin  holes,  the  shift  in  the  position  of  the  axis  from 
over-runs,  and  shortages  in  sectional  area  as  compared  with  the  area 
of  the  sizes  specified,  inequalities  in  the  modulus  of  elasticity  in  dif- 
ferent parts  of  the  cross-section,  curves  or  kinks  in  the  axis,  and 
potential  curves  or  kinks  in  the  axis  from  the  relief  of  internal  stresses. 
Owing  to  internal  stresses  produced  by  cold-straightening  or  otherwise, 
the  metal  is  likely  to  be  overstrained  in  spots  before  that  in  the 
main  body  of  the  column  reaches  the  elastic  limit.  The  internal 
stresses  may  be  relieved  to  some  extent  by  overstraining  followed  by  a 
rest,  but  the  column  is  likely  to  have  a  permanent  deflection  as  a  re- 
sult thereof.  From  some  causes,  such  as  inaccuracies  in  pin  holes, 
short  columns  are  likely  to  have  as  much  accidental  eccentricity  as 
long  ones;  while,  from  other  causes,  such  as  initial  curvature  of  the 
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Mr.  Prichaid.  axis,  the  probable  limit  of  eccentricity  will  vary  with  the  length.    The 

e'  V 

followiug  value  for  the  factor,  —^,  in  Equation  0  is  suggested: 

^^=l+^_ (7) 

r^        10  ^  700  r 

For  ordinary  built  columns  with  pin  connections,  in  which  the 
relation  of  7  to  r  is  about  as  7  is  to  5,  the  eccentricity  corresponding 
to  Equation  7  is: 

e'  =  0.07  r  +  0.001  I (H) 

For  a  column  with  a  radius  of  gyration  of  5  and  a  length  of  500 
in.,  the  eccentricity  given  by  Equation  8  is  about  I  in. 

From  Equations  6  and  t,  a  formula  can  be  deduced  which  will  give 
the  load,  p,  per  unit  of  column  area,  but  such  a  formula  is  not  sub- 
mitted, for  the  reasons  that  it  is  so  complicated  and  difficult  of  ap- 
plication that  it  is  of  no  practical  value,  and  the  results  which  it  gives 
for  columns  having  a  length  of  less  than  100  radii  of  gyration  can  be 
approximated  closely  by  short  empirical  methods.  The  method  sug- 
gested is  as  follows : 

For  structural-steel  columns  with  hinged  ends,  the  stress  per  square 
inch,  in  pounds,  in  the  most  compressed  fiber,  from  combined  direct 
compression  and  intentional  primary  bending  moment,  shall  not  exceed 

r- 

35  000  —  l.o   2 

(9) 


Factor  required. 
For  a  factor  of  2.5,  the  expression  becomes 

14000  —  0.6        (10) 

From  Equations  6  and  7  it  is  evident  that  the  minimum  value  which 
can  be  assigned  for  the  stress  from  the  accidental  bending  moment  is 
O.lp,  from  which  it  follows  that  a  limitation  of  35  000  lb.  per  sq.  in. 
for  combined  direct  compression  and  intentional  primary  bending 
moment  corresponds  to  a  limitation  of  38  500  lb.  per  sq.  in.  for  stresses 
from  all  sources.  Hence,  if  proportioning  by  Equation  9,  with  a  factor 
of  one  for  maximum  possible  loads,  gives  results  closely  in  accord  with 
theory,  as  claimed,  the  stress  per  square  inch  in  columns  thus  pro- 
portioned, as  determined  by  Equations  6  and  7,  should  be  close  to 
38  500  lb.     How  close  they  come  to  this  amount  is  shown  by  Table  5. 

The  agreement  between  theory  and  rule,  indicated  by  Table  5,  is 
close,  except  for  long  columns  and  great  eccentricities,  for  which  the 
rule  requires  a  heavier  column  than  theory. 

Some  opportunity  for  comparison  between  the  theory  and  assump- 
tions outlined,  on  the  one  hand,  and  exiieriments,  on  the  other,  is  afforded 
by  the  tests  of  mild  steel  columns  with  pivoted  ends  made  by  Professor 
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I'ABLK   5. — Maximum   Stresses   per   Square  Inch,  Determined  by  mi 
Theory  (Equations  6  and  7)  in  Columns  Proportioned  by  Rule 
(Equation  9,  with  Factor  of  One),  for  Various  Lengths  and 
Intentional  Eccentricities. 


Pricharil 


The  intentional  primary  bending  stresses,  in  terms  of  the 

LOAD,  are  given  AT  THE  HEAD  OF  EACH  COLUMN. 

I 

r 

0 

O.lp. 

0.5p. 

P- 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

0 
25 
50 
75 
100 

.38  500 
39  100 
39100 
39  400 
38  700 

38  200 

39  000 
39  200 
39  800 
38  800 

37  300 

38  100 
38  600 
38  500 
33  900 

36  750 

37  300 
37  500 
36  300 
30  700 

Tctmajer.*  Of  the  columns  tested,  the  lengths  of  27  did  not  exceed 
100  radii,  and  they  were  loaded  without  intentional  eccentricity.  The 
ultimate  load  in  all  cases  was  greater  than  indicated  by  Equation  9, 
and  less  than  required  under  ideal  conditions  for  an  elastic  limit  of 
41  000  lb.  and  a  modulus  of  elasticity  of  29  000  000  lb.  Table  6  is  a 
comparison  of  the  ultimate  loads  given  by  Equation  9  and  the  lowest 
of  the  ultimate  loads  shown  by  the  tests. 


TABLE  6. 


I 

r 

Equation  9. 
Pounds. 

Tests. 
Pounds. 

I 
r 

Equation  9. 
Pounds. 

Tests. 
Pounds. 

30 
40 
50 

33  650 
32  600 
312.50 

39  000  about. 
38  000       " 
32  000       " 

70 
75 

1             92 

1 

27  600 
26  560 
22  300 

29  000  about. 
28  000       " 
23  000       " 

For  columns  of  greater  length  than  100  radii  of  gyration,  stiffness 
rather  than  strength  is  the  governing  consideration.  For  this  reason, 
the  loads  allowed  by  Equation  9  are  preferable  to  those  allowed  by  the 
theory  of  column  strength. 

To  show  the  relative  stiffness  of  columns  100  radii  and  longer  in 
length,  when  proportioned  by  Equation  9  with  a  factor  of  one,  the  de- 
flections have  been  determined  by  Equations  4  and  8  for  columns  with- 
out intentional  eccentricity,  with  a  radius  of  gyration  of  one,  and 
various  lengths  as  shown  in  Table  7. 

It  will  be  noticed  that  the  loads  allowed  by  Equation  10  for  columns 
up  to  a  length  of  100  radii  of  gyration  are  about  one-sixth  greater  than 
those  allowed  by  the  author,  but  that  there  is  a  radical  difference  for 

ransacfions.  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  404. 
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Mr.  Prichard.  longer  coluHins.  The  objection  among  engineers  to  columns  longer 
than  100  radii  is  largely  sentimental.  For  the  same  load,  a  column 
with  a  length  of  120,  130,  or  140  radii,  proportioned  by  Equation  10, 
in  consequence  of  its  greater  sectional  area,  is  stiffer  and  stronger  than 
one  of  a  length  of  100  radii. 


TABLE  7. 

Length, 

in 
inches. 

Deflection, 

in 

inches. 

Ratio          ! 

of  deflection    ' 

to  length.       1 

Length, 

in 
inches. 

Deflection, 

in 

inches. 

Ratio 

of  deflection 

to  length. 

100 
110 

0.486 
0.550 

1:306 
1:300 

130 
130 

0.485 
0..327 

1:347 
1:400 

For  derricks,  poles,  and  other  equipment  used  in  building  and  erect- 
ing, much  longer  struts  are  used  than  in  bridge  work,  and,  when  the 
loads  arc  kept  within  rational  limits,  the  flexibility  of  the  struts,  by 
permitting  them  to  absorb  impact,  is  an  element  of  safety.  In  the 
ordinary  affairs  of  life,  long  struts  are  used  as  a  matter  of  course. 
The  engineer  who  becomes  alarmed  at  long  struts  in  structures  will 
bear  his  whole  weight  on  a  walking-stick,  many  times  as  flexible  as 
steel,  with  a  ratio  of  Z  to  r  of  200.  Ample  provision  should  be  made  in 
horizontal  and  inclined  struts  for  the  stresses  from  their  own  weight. 
The  frequent  neglect  to  make  such  provision  in  long  struts  has  doubt- 
less had  something  to  do  with  the  prejudice  against  them. 

As  regards  columns,  the  greatest  need  for  caution  to-day  is  in  pro- 
portioning short  stiff  ones,  which,  to  an  engineering  public  accus- 
tomed to  gauge  permissible  unit  stress  by  the  ratio  of  length  to  radius 
of  gyration,  have  an  appearance  of  strength  not  borne  out  by  their 
details,  and,  if  their  ends  are  square  or  fixed,  they  are  subject  to 
strains  from  imperfect  butt  joints,  or  to  secondary  stresses  produced 
by  the  deformation  of  connecting  floor-beams,  etc.  Such  stresses  are 
greater  for  short  than  for  long  columns,  on  account  of  their  greater 
stiffness.  In  consequence  of  these  facts,  it  is  suggested  that  the 
average  load  from  direct  compression  per  square  inch  of  cross-sectional 
area  should  not  exceed  13  000  lb. 

With  the  double  requirement  of  Equation  10  and  a  13  000-lb.  limi- 
tation for  direct  compression,  if  the  permissible  loads  are  plotted  to  a 
scale  for  various  ratios  of  I  to  r,  the  line  indicating  the  maximum 
permissible  loads  will  suddenly  change  its  direction  at  a  length  some- 
v.'hat  less  than  41r,  depending  on  the  amount  of  the  primary  bending 
moment.  This  is  a  feature  which  the  author  seems  to  consider  objec- 
tionable. It  is  entirely  natural,  however.  Radically  different  condi- 
tions govern  the  strength  of  very  short  and  very  long  columns,  and 
the  loci  representing  the  loads  under  these  radically  different  condi- 
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lions  will  intersect  sharply.  If  there  is  no  intentional  primary  bending  Mr.  I'richard. 
moment  from  eccentricity  or  transverse  loading,  13  000  lb.  per  sq.  in., 
unreduced,  will  govern  for  columns  of  shorter  length  than  41r,  and 
Equation  10  for  columns  of  greater  length,  but  if  there  is  an  inten- 
tional bending  moment,  both  requirements  should  be  applied  to  de- 
termine the  governing  one. 

One  of  the  assumptions  from  which  Equation  10  was  developed 
was  that  of  frictionless  hinged  ends.  When  there  is  no  primary  bend- 
ing moment,  any  friction  on  the  pins,  according  to  strict  theory,  will 
fix  the  ends ;  hence,  it  is  not  surprising  that  friction  in  pins  is  very 
potent  in  increasing  the  resistance  of  columns  to  direct  load  in  care- 
fully devised  and  conducted  tests.  Such  friction,  however,  is  a  very 
poor  reliance  in  practice,  as  it  may  be  overcome  by  a  little  eccentricity 
or  shock. 

Under  ideal  conditions,  a  column  with  strictly  fixed  ends  has  the 
same  strength  as  a  column  of  half  its  length  with  the  same  cross- 
section  and  pivoted  ends.  In  practice,  however,  the  assumption  of  fixed 
ends  is  never  wholly  realized.  The  appearance  of  having  the  ends 
fixed  is  frequently  deceptive,  as  compression  members  on  opposite 
sides  of  a  joint  may  deflect  in  opposite  directions  in  such  a  way  that 
the  point  of  contrary  flexure  comes  very  near  to  the  center  of  the  joint, 
which  condition  is  equivalent  to  pivoted  ends.  For  this  reason,  no 
casement  in  the  reduction  for  length,  as  given  in  Equation  10,  is 
recommended  in  designing  new  columns  with  seemingly  fixed  ends. 
In  determining  the  safe  strength  of  a  column  in  an  existing  structure, 
however,  if  it  is  evident  that  the  ends  are  well  fixed,  it  might  he  as- 
sumed that  the  column  is  as  stiff  as  it  would  be  if  it  were  about  three- 
fourths  as  long  and  had  frictionless  hinged  ends.  For  such  an  assump- 
tion, Equation  9  would  become: 

Allowed  compression  per  square  inch  in  any  fiber  from  combined 
direct  compression  and  intentional  primary  bending  moment  for 
columns  with  ends  fixed  equals 

'65  000  —  0.85   , 

Factor  required.  i 

In  comparing  this  discussion  with  the  writer's  paper,*  entitled  "The 
Proportioning  of  Steel  Railway  Bridge  Members,"  it  will  be  noticed 
that  the  greatest  compression  now  recommended  is  one-fifteenth  less 
than  in  the  paper  referred  to,  in  addition  to  which  a  limitation  for 
direct  compression  to  13  000  lb.  per  sq.  in.  is  now  recommended.  This 
change  is  the  result  of  a  further  consideration  of  the  subject,  in  the 
light  of  the  Quebec  Bridge  disaster  and  the  general  discussion  regard- 
ing columns  which  followed  it,  including  the  paper  by  Mr,  Worcester. 

*  Proceedings,  EngineersiSociety  of  Western  Pennsylvania,  July,  1907. 
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Mr.  Prichard.  It  should  be  stated,  however,  that  it  has  always  been  the  writer's  prac- 
tice, in  designing  cohunns,  to  give  close  attention  to  the  details  and 
the  make-up  of  the  section,  and  to  make  a  liberal  reduction  in  the 
allowed  unit  stresses  when  the  unsupported  width  of  a  plate  exceeded 
32  times  its  thickness.  The  following  requirement  as  to  the  unsup- 
ported width  of  plates  is  suggested: 

If  the  unsupported  width,  w,  of  any  plate  in  a  column  is  more 
than  32  times  its  thickness,  t,  the  permissible  stress,  as  given  by  Equa- 
tion 10,  shall  be  reduced  by  multiplying  it  by  the  following  expression : 

2  r«^ 
16  000  —  — 2- 

Permissible  stress,  as  given  by  Equation  10,  X 


14  000 

Mr.  Horton.  HoRACE  E.  HoRTON,  M,  Am.  Soc.  C.  E.  (by  letter). — Mr.  Worcester's 
compilation  of  results  of  tests  on  full-sized  wrought-metal  compres- 
sion members  is  very  interesting  and  instructive,  and  is  opportune. 
There  is  an  awakened  interest  in  the  subject  at  this  time. 

While  the  writer  approves  unhesitatingly  Mr.  Worcester's  criticism 
on  using  excessive  unit  stress  on  members  with  short  radii  lengths, 
he  knows  no  physical  reason  for  limiting  compression  members  to  a 
length  of  100  radii. 

Mr.  Worcester  has  chosen  to  make  his  platting  of  tests  for  steel  on 
the  basis  of  four-fifteenths  of  the  ultimate  strength.  Eor  obvious  rea- 
sons, the  writer  uses  the  same.  IMr.  Worcester  has  used  12  000  lb.  per 
sq.  in.  as  his  unit  value  in  compression,  and  the  writer  naturally  uses 
the  same  stress,  with  the  reservation  that  the  unit  stress  (tension)  is 
IJ  X  the  compression,  that  is,  16  000,  in  this  case. 

The  diagram,  Eig.  2,  gives  all  the  tests  of  steel  members  shown  by 
Mr.  Worcester,  also  tests  of  six  members*  by  J.  A.  L.  Waddell,  M. 
Am.  Soc.  C.  E.,  and  seven  testsf  by  Mr.  C.  P.  Buchanan,  and,  further, 
six  tests  by  the  Chicago  Bridge  and  Iron  Works,  on  8  by  8  by  re'i^- 
angles. 

On  this  diagram  a  straight  line  is  drawn   through  the  center  of 

I 
gravity  of  the  group  of  tests,  and  is  expressed  by  11  300  —  35  .  ,  also 

the  formula  for  loading,  as  indicated  by  C.  L.  Strobel,  M.  Am.  Soc. 
C.  E.,  in  his  paper,  "Experiments  Upon  Z-Iron  Columns,":}:  wherein 
was  first  laid  down  the  necessity  of  "sawing  off"  the  unit  stress  for 
short  radii  length,  in  this  case  to  8  000  lb.  per  sq.  in.,  and  also  the  first 

appearance  of  the  straight-line  formula,  which  was  10  600  —  30    . 

The  writer  has  platted  Mr.  Worcester's  formula,  based  on  12  000, 
and,  as  a  protest  against  the  attempted  "amputation"  for  radii  lengths 


♦The  record  of  these  tests  appeared  in  Engineering  News,  January  16th,  1908. 
i Engineering  News.  December  36th.  1907. 
XTransactions,  Am.  Soc.  C.  E..  Vol.  X\TII.  p.  las. 
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Mr.  Horton.  of  more  than  100,  there  is  also  platted  the  Hodgkinson-Gordon-Kankine 
formula,  as  given  by  Mr.  Worcester,  based  on  16  000,  with  a  lower  di- 
visor of  8  000.  It  will  be  noticed  that  the  platted  lines  come  tangent 
at  85  radii,  and  the  two  curves  come  somewhat  above  the  center  of 
gravity  of  the  tests.  However,  as  these  values  are  high  for  short  radii 
lengths,  clearly  indicating  the  necessity  of  "sawing  off,"  the  writer 
offers  the  Hodgkinson-Gordon-Eankine  formula,  based  on  12  000,  with 
a  lower  divisor  of  12  000.  When  "sawed  off"  at  two-thirds  of  the  unit 
stress  (that  is,  10  666  lb.  per  sq.  in.  as  the  ultimate  value  in  com- 
pression), and  intersecting  the  curve  at  40  radii  length,  it  looks  both 
sane  and  safe. 

The  curve  produced  as  platted,  clearly  indicates  what  is  intended, 
a  value  well  below  the  average  of  the  tests,  and  the  value  reduced  so 
that  one  may  believe  it  to  be  reliable  as  the  radii  lengths  are  extended, 
even  to  200. 

The  limitation  to  100  radii  length  of  compression  members  can  only 
be  urged  because  of  our  want  of  knowledge,  but  practice  and  experi- 
ence show  that  the  greatest  hazards  are  with  short  radii  lengths,  due 
to  want  of  proper  proportion  and  cohesion  of  parts,  and  the  tendency 
toward  using  material  which  is  too  thin. 

Unfortunatelj',  engineering  discussion  as  to  the  unit  value  of 
compression  members  has  been  almost  entirely  on  formulas,  and  not 
on  the  physical  column. 

As  to  the  physical  compressive  member,  Mr.  Buchanan  gives  a  re- 
port, with  full  details  of  tests  to  destruction,  of  nineteen  full-sized 
bridge  members  as  built  for  actual  use  in  structures — twelve  of  iron 
and  seven  of  steel.  The  first  noticeable  thing  is  that  radii  length  has 
no  significance,  in  fact,  members  having  a  length  of  83  radii  were  as 
strong  as  any  tested,  and  much  stronger  than  many  of  less  than  40 
radii,  and  members  of  97  and  even  120  radii  were  a  good  average  in 
the  whole  group  of  tests. 

The  average  ultimate  strength  of  seven  steel  columns  is  31  900  lb. 
per  sq.  in.  The  average  crippling  strength  is  23  800  lb.  per  sq.  in. ; 
the  average  elastic  limit  is  19  700  lb.  per  sq.  in. 

The  ultimate  strength,  crippling  strength,  and  elastic  limit,  in  the 
foregoing  tests  as  reported,  indicate  a  value  of  scarcely  more  than 
50%  of  the  value  of  the  steel  in  tension.  This  is  startling,  with  our 
knowledge  of  specifications  permitting  the  use  of  steel  in  short  radii 
lengths  for  approximately  the  same  stress  as  in  tension.  Mr. 
Buchanan's  tests  are  given  in  Table  8. 

The  four  Z-bar  columns  lack,  on  an  average  from  the  computed 
crippling  load,  essentially  half  as  much  as  did  the  fifteen  trough  and 
channel  sections  (the  last  with  less  than  half  the  radii  length),  and 
yet  they  actually  stood  a  greater  load. 

From  the  photographs  of  the  members  taken  after  the  tests,  it  is 
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seen  that  four  Z-bar  column  struts  yielded  as  a  whole  by  flexure.    The  •'^'•■-  Horton. 

fifteen  other  members  yielded  by  some  order  of  wrinkling  or  failure 

in  individual  parts.     It  is  further  noticeable  that  the  sections  of  the 

Z  -bar  columns  were  much  thicker,  relatively.     It  is  clearly  apparent 

that  compressive  members  which  fail  by  wrinkling  fail  at  less  load  per 

unit  than  those  which  fail  by  flexure. 

TABLE  8. 


Aveia^re  of 
Buchanan's  tests. 

I 
r 

Average  of 

T.  H.  and  J.  B.  Johnson's 

formula. 

Crippling  load. 

Actual 

crippling 

load. 

Below 
estimate. 

4  tests,  Z-bar  cohimns 

96 
43.6 

28  537 
33125 

21700 
20  730 

Ga37 

15  tests,  trough  and  channel  col- 
umns    

12  395 

In  the  photographs  of  the  material,  after  the  tests  by  Mr.  Waddell 
referred  to  above  (all  of  the  same  cross-section),  it  is  noticeable  that 
n^embers  81  radii  long  failed  by  flexure  while  those  27  radii  long  failed 
by  wrinkling.  From  the  Buchanan  tests  there  is  abundant  evidence 
to  conclude  that  the  best  results  are  obtained  when  the  member  yields 
by  flexure.  From  Mr.  Waddell's  tests  there  is  evidence  that,  for  the 
best  results  at  27  radii,  the  material  must  needs  be  thicker  than  for 
81  radii.    Here  is  a  suggestion,  to  be  enlarged  on  later. 

While  the  radius  of  gyration  has  use,  as  indicating  the  value  of  a 
strut,  there  is  much  to  show  that  there  are  many  other  conditions  of  as 
great  importance  as  the  radii  length. 

The  radius  of  gyration  will  modify  and  hold  in  check  any  disposi- 
tion to  use  material  of  undue  thickness,  but  the  radius  of  gyration  has 
to  be  held  in  check  unless  too  thin  material  be  used.  The  radius  of 
gyration  of  a  transverse  element  of  the  column  may  be  used  as  such  a 
clieck. 

The  composite  nature  of  the  compression  member  directly  reduces 
its  unit  value,  as  compared  with  tension,  a  very  material  amount.  This 
is  directly  traceable  to  the  possible  rivet  efficiency  connecting  parts, 
and  it  is  undoubtedly  a  fact  that  rivets  are  driven  much  too  far  apart. 
Two  or  three  times  as  many  rivets  would  surely  give  better  results. 
Rivet  connections  between  multiple  plates,  or  plates  and  angles,  form- 
ing a  compression  member,  to  reduce  the  tendency  lo  wrinkling,  are 
clearly  different  from  tension  connections,  and  the  efficiency  has  to 
be  considered  locally. 

With  material  half  as  thick  as  the  rivet  diameter,  an  efficiency  of 
50%  may  be  obtained  by  pitching  the  rivets  at  2.3  diameters;  but, 
with  material  the  thickness  of  the  rivet  diameter,  and  rivets  pitched 
at  2  diameters,  an  efficiency  of  connection  of  30%  is  all  that  is  possi- 
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Mr.  Hortou.  ble.  Ill  practice,  rivets  are  generally  driven  with  three  times  as  much 
pitch  as  here  indicated,  and  the  assertion  may  be  made  that  the  effi- 
ciency of  the  connection  of  parts  by  rivets  scarcely  exceeds  12  per  cent. 
The  cross-section  of  the  compression  member  is  unquestionably  of 
great  significance.  The  proportions  of  the  material  in  the  flanges  and 
its  width  and  thickness  undoubtedly  have  paramount  importance. 

The  compression  member,  with  ever-increasing  tendency  in  the  evo- 
lution of  desig:n,  has  developed  with  one  or  more  open  sides  on  which 
Inttice  bars  are  used. 

The  proportions  of  such  lattice  bars,  their  connections  to  the 
columns,  and  their  relation  to  a  force  acting  through  the  compression 
member  form  a  very  material  and  important  element,  second  to  none 
in  the  design.  At  the  present  time,  there  are  in  the  technical  press 
many  letters  from  correspondents,  with  elaborate  formulas  in  which 
E  represents  the  modulus  of  elasticity,  and  e  the  eccentricity.  As  e, 
eccentricity,  is  arbitrarily  assumed,  the  writer  prefers  to  assiune  a  per- 
centage of  the  compression  through  the  column,  and  call  it  shear. 

The  difference  between  the  eccentricity  discussed  and  the  shear 
outlined  is  as  follows :  Eccentricity  is  an  assumption  without  refer- 
ence to  the  magnitude  or  amount  of  the  force  acting  on  the  member, 
while  the  shear  is  a  direct  percentage  of  the  force  acting  on  the  mem- 
ber. One  leads  to  the  discussion  of  how  accurate  the  workmanship  of 
the  column  may  be,  or  is.  The  other  asserts  the  fact  that  there  must 
be  some  relation  between  the  force  acting  through  a  compression  mem- 
ber and  its  disposition  to  "side-step."  This  uncertainty  is  not  caused 
by  faulty  workmanship,  but  comes  from  a  want  of  research  and  knowl- 
edge. 

In  all  the  years  past  the  whole  discussion  and  the  specifications  for 
compression  members  have  absolutely  ignored  both  shear  and  eccen- 
tricity as  items  to  consider,  except  in  what  has  appeared  within  a  very 
short  period,  and  there  is  no  evidence  that  our  workmanship  has  espe- 
cially deteriorated  in  the  immediate  past,  but  there  is  reason  to  hope 
that  our  knowledge  of  design  may  be  enlarged. 

Figs.  3  to  15  are  given  in  order  to  indicate  to  the  eye  the  relation 
of  various  sections  expressed  by  the  radius  of  gyration;  each  section 
lias  the  same  cross-section,  namely,  12  sq.  in. 

Fig.  3  is  a  solid,  3.46  in.  on  a  side,  radius  of  gyration  =  1. 
Fig.  4  is  a  hollow  square,  5   in.   on  a  side,  metal   g   in.  thick, 

radius  of  gyration  =  2. 
Fig.  5  is  a  hollow  square,  Tf  in.  on  a  side,  metal  if  in.  thick, 

radius  of  gyration  =  3. 
Fig.  G  is  a  hollow  square,  10^  in.  on  a  side,  metal  xu   in.  thick, 

radius  of  gyration  =  4. 
Fig.  7  is  a  hollow  square,  12f  in.  on  a  side,  metal  ij    in.  thick, 
radius  of  gyration  =  5. 
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Mr.  Horton.  There  are  changes  in  the  radius  of  gyration  of  from  1  to  5,  with 
the  same  cross-section,  with  a  diminishing  thickness  of  the  material, 
and  an  increasing  unit  value  of  the  material  by  all  compression 
formulas. 

Figs.  8  to  15,  inclusive,  are  interesting  as  indicating  12  sq.  in.  of 
section,  in  quite  familiar  shapes,  with  a  radius  of  gyration  of  5. 

Appended  to  compression  formulas  it  is  quite  usual  to  find  a  limi- 
tation of  thickness  to  width,  of  1  to  30,  and  Figs.  8  to  15  can  only  be 
objected  to  on  this  limitation,  and  not  as  to  the  radius  of  gyration. 

According  to  Mr.  Worcester's  curve,  as  platted  for  working  loads 
on  columns  10  ft.  long.  Figs.  7  to  15,  inclusive,  may  be  worked  for 
11  800  lb.  per  sq.  in. ;  Fig.  6  for  11  700  lb. ;  Fig.  5  for  11  300  lb. ;  Fig.  4 
for  10  400  lb.  per  sq.  in. ;  and  Fig.  3  for  zero.  With  this  conclusion 
the  writer  does  not  agree.  Figs.  4  or  5,  undoubtedly,  will  carry  the 
largest  load  of  any  of  the  sections,  3  to  15,  inclusive,  at  10  ft.  long, 
while  Fig.  3  will  undoubtedly  be  a  close  second. 

The  writer  would  extend  the  radius  of  gyration  to  the  elements 
making  up  the  cross-section  of  a  column,  thereby  limiting  the  thick- 
ness of  the  material.  The  radii  length  on  a  transverse  section  of  a 
plate  should  never  be  more  than  the  radii  length  of  the  column  of 
which  the  plate  is  a  part,  or  if  it  is,  such  parts  should  be  used  at  a 

decreased  unit  stress,  found  by  substituting  the  value  of  ,  thus  obtained 

in  the  general  formula. 

Angles  should  be  one-fifth  the  size  of  the  transverse  dimensions  of 
a  member,  and  not  less  than  the  thickness  of  the  plates. 

In  the  case  of  columns  with  projecting  portions,  such  as  angles, 

Z's,  etc.,       (where  I  =  projection  and  r  =  radius  corresponding  to 
r 

tliickness)  must  be  doubled  and  substituted  in  formulas. 

Where  a  part  is  naade  of  several  thicknesses  riveted  together,  the 
transverse  radius  of  such  a  part  will  be  taken  as  the  radius  of  the 
same  as  though  solid  and  divided  by  the  square  root  of  the  number 
of  pieces  used. 

The  radii  length  of  a  lattice  panel  or  the  pitch  of  the  lattice,  with 
the  radius  of  gyration  of  neutral  axis  parallel  with  central  line  of  the 
web,  of  a  built  channel  or  similar  section,  should  never  exceed  the 
radii  length  of  the  entire  member.  The  lattice  need  not  exceed  two 
diameters  of  the  rivet.  The  radii  length  of  the  lattice  between  the 
connections  should  not  exceed  the  radii  length  of  the  member  on  which 
the  lattice  is  used. 

The  lattice  should  have  the  ability  to  carry  shear,  assuming  the 
column  to  be  supported  at  its  two  ends  or  in  the  center: 

]. — At  the  unit  strains  allowed  in  the  column  itself,  an  assumed 
uniform  load  equal  to  10%  of  the  load  sustained  by  the 
column ; 
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2. — At  a  unit  stress  of  half  the  above,  the  weight  of  the  column  Mr.  Horton. 
itself. 

The  writer  wishes  at  this  time  to  emphasize  his  faith  and  belief  in 
proportion — the  "Rule  of  Three"  of  our  ancestors.  It  is  the  funda- 
mental basis  of  comparison  in  all  things. 

Table  9  is  an  outline  for  five  2-built  channel  lattice  columns. 

Each  column  is  in  exact  proportion,  by  the  ratio  of  2,  in  all  its 
three  (and  more)  dimensions,  to  the  next  of  the  series.  It  follows  at 
once  that  the  cross-section  of  the  columns  will  be  as  the  square,  and, 
for  the  same  radii  length,  their  weight  as  the  cube.  The  writer  has 
outlined  for  the  center  of  this  group  of  five  columns  a  rationally  pro- 
portioned 12-in.  2-built  channel  column  having  a  section  of  23  sq.  in.; 
he  has  also  doubled  it,  and  doubled  it  again.  He  has  also  divided  the 
12-in.  2-built  channel  column  in  each  of  its  dimensions  by  2  and  by  4, 
and  in  this  tabulation  by  direct  proportion  there  are  five  2-built  chan- 
nel columns.     There  is  every  reason  to  believe  that  the  3-in.  2-built 

channel  column,  at  t-kkt.  part  of  the  weight  for  a  proportional  radii 

length  of  the  48-in.  2-built  channel  column,  can  be  investigated  with 
reasonable  certainty  as  to  any  in  the  group  of  columns  that  are  in  di- 
rect proportion  in  all  their  elements,  that  is,  size  of  rivets,  size  of 
lattice,  and  pitch  of  rivets;  and  it  is  in  this  way  that  research  can  be 
carried  out  at  comparatively  trifling  cost.  With  the  testing  machines 
already  available,  the  truth  can  be  developed  as  to  any  or  all  of  the 
moot  questions  as  to  value  of  cross-sections  and  radii  length. 


TABLE  9. 

t 

Built 
channel 

Section. 

Is 

'•B 

to 

1 

•1 

iryratio 
•al  axis 
1  to  cen 
of  web 

•So 

columns. 
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03 
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^  a 

2 
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Plates. 

Angles. 

< 

O 

^  a 

3-in. 

2  —    3  X  J 

4  — 

i  X      f  X  ^ 

1.44 

1.08 

rVin. 

ix  J 

0.22 

9  ft. 

6-in. 

2—  exj 

4  — 

n  X  1.' 

X  i 

5.75     2.17 

iin. 

ixi 

0.43 

18  ft. 

12-in. 

2  -  12  X  4 

4  — 

3X3 

X  i 

23        ,  4.33 

Jin. 

n^h 

0.86 

36  ft. 

24in. 

2  —  24  X  1 

4- 

6X6 

X  1 

92           8.66 

lA-in. 

3X1 

1.73 

72  ft. 

48-in. 

2  -  48  X  2 

4- 

12    X  12 

X2 

368         17.32 

3  -in. 

6X2 

3.55 

141  ft. 

Table  10  is  a  second  compilation  for  five  columns  having  the  same 

areas  and  dimensions  as  the  columns  in  Table  9. 

The  columns  in  Table  10  will  not  require  a  testing  machine,  be- 
cause when  we  have  divided  down  from  48-in.  2-built  channel  columns 
to  the  12-in.  2-built  channel  columns,  23  sq.  in.  in  area,  and  find  four 
12-in.  plates  massed  together  making  12  by  i  in.  of  metal  combined 
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Mr.  Hoiton.  with  IJ  by  IJ  by  |-in.  angles  with  1  by  xiy-in.  lattice,  all  secured  by 
i-in.  rivets,  common  sense  will  indicate  that  the  columns  in  this  group 
should  not  be  used. 

TABLE  10. 


Built 

channel 

columns. 


4S-in. 
24-in. 
ISin. 

G-in. 

3-in. 


Section. 


Plates. 
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0.35 
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8  ft. 


Mr.  Shear- 
woud. 


The  "Rule  of  Three"  may  be  accepted  as  an  agent,  to  assist  in  ap- 
proaching the  testing  machine  with  columns  of  a  size  and  cost  so  that 
we  may  hope  for  extended  research.  The  "Rule  of  Three"  may  also 
be  accepted  as  an  agent  to  assist  our  common  sense,  as  shown  in  the 
second  compilation. 

In  the  foregoing,  the  writer  has  attempted  to  point  out  the  de- 
sirability of  using  all  the  rivet  section  possible  in  combining  the  parts 
of  a  composite  compression  member. 

All  research  which  is  available  indicates  that  the  thickness  of  the 
material  in  the  rectangular  compression  member  has  most  to  do  with 
its  efficiency,  thick  material  being  required  for  short  radii  length,  and 
reducing  in  thickness  as  the  radii  length  increases. 

The  piling  together  of  relatively  thin  plates  in  multiple,  with  a  few 
tack  rivets,  and  assuming  that  lhe  mass  is  homogeneous  is  dangerous. 

Some  comprehensive  proportion  of  stress  through  the  compression 
member  must  be  accepted  as  shear,  and  must  be  provided  for;  if,  on  a 
12  or  15-in.  2-channel  strut  of  medium  size,  practice  dictates  lattice 
of  a  weight  equal  to,  say,  30%  of  the  scantling  weight  of  the  member, 
the  "Rule  of  Three"  will  indicate  that  these  same  relations  must  be  ex- 
tended to  large  or  small  members. 

It  is  not  formulas  that  are  needed  to  extend  our  knowledge  of  the 
compressive  member,  but  comprehensive  research  by  physical  tests. 

F.  P.  Shearwood,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Worcester's 
curve  appears  to  be  more  rational  than  any  of  the  others  he  has  plotted ; 
still,  in  common  with  all  column  formulas,  his  assumes  that  the 
flexural  stresses  only  result  from  the  tendency  of  the  member  as  a 
whole  to  bend,  and  no  reduction  is  allowed  for  the  secondary  bending 
from  llie  unsupported  component  parts  and  other  unavoidable  bending 
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stresses  which  occur  in  many  of  the  compression  sections  now  in  use,  Mr.  Sheir- 
and  especially   in   those  having   radii   of  gyration   relatively   large   in      ^*^*^* 
comparison  with  their  areas. 

Strict  adherence  to  a  specified  column  formula  iias  perhaps  done 
very  much  to  force  designers  to  use  compression  members  which  are 
undesirable  in  nearly  every  way  except  that  they  meet  the  requirements 
of  the  formula  oconomically  as  regards  material. 

All,  or  nearly  all,  specifications  have  called  for  the  unit  stresses 
in  columns  to  be  determined  solely  by  the  ratio  of  their  length  to  their 
radius,  the  latter  to  be  calculated  from  the  moment  of  inertia  of  the 
section,  without  regard  to  whether  the  lattice  (if  used)  is  capable  of 
developing  it,  or  whether,  in  so  doing,  secondary  stresses  are  induced. 
The  latticed  double  channel  section  with  flanges  turned  out,  so  fre- 
quently used  for  compression  members  of  truss  bridges,  is  a  good 
illustration  of  the  incompleteness  of  the  ordinary  column  formula. 
This  section  is  generally  used  because,  with  a  given  width  from  out 
to  out  of  chord  gusset  plates,  it  will  give  a  strut  having  the  largest 
radius,  and  therefore  the  highest  permissible  unit  stress;  but,  if  in- 
vestigated, it  will  be  found  that  the  following  stresses  are  almost  in- 
evitable in  such  a  section,  and  of  these  the  column  formula  takes  no 
account,  and  they  are  practically  unprovided  for : 

I. — Stress  due  to  the  flexure  of  the  unsupported  parts  between 
lattice-bar  connections,  which  is  coincident  with  that  due  to  the  flexure 
of  the  column  as  a  whole; 

II. — Stress  due  to  the  eccentricity  of  the  end  connections,  since 
the  center  of  gravity  of  either  channel  is  visually  some  considerable 
distance  from  the  center  of  the  gusset  plates; 

III. — Stress  due  to  the  eccentricity  of  the  lattice-bar  connections; 
for  it  is  usually  impracticable  to  arrange  the  bars  so  that  they  will 
intersect  on  the  center  of  gravity  of  the  channel; 

IV.— Serious  but  less  determinate  stresses  are  probably  induced  at 
or  near  panel  points,  where,  owing  to  the  necessary  connections,  it  may 
be  impracticable  to  provide  the  last  few  feet  of  an  important  com- 
pression member  with  either  tie-plates  or  lattice  bars;  and,  even  when 
center  diaphragms  are  provided,  the  continuity  of  the  lattice  system 
is  broken  up,  resulting  in  unknown  bending  moments  in  the  member. 
V. — In  nearly  all  bridges,  the  loads  are  applied  more  or  less  on  the 
inside  of  the  trusses,  thereby  inducing  longitudinal  shear  in  the  sev- 
eral members,  which  in  turn  must  stress  the  eccentrically  connected 
lattice  bars,  and  increase  the  local  stresses,  as  in  III. 

VI. — Lattice  bars,  having  of  necessity  to  be  placed  at  an  angle  to 
the  direct  stress  of  the  member,  create  a  distortion  and  bending  when 
the  main  member  is  under  strain. 

INfost  of  the  foregoing  defects  are  absent  or  are  minimized  in  mem- 
bers having  plate  diaphragms,  such  as    H-shapes,  which  are  symmetrical 
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Mr.  Shear-  about  every  axis.     Secondary  bending  is  largely  eliminated,  and  all 

wood,     jjjg-tai  resists  stress  in  direct  lines  to  the  applied  loads.    They  are  well 

adapted  to  transfer  any  uneven  application  of  load,  but,  unfortunately, 

owing  to  their  relatively  small  radius,  they  cannot  be  made  to  figure  as 

economically  as  flimsy  latticed  members. 

It  seems  to  the  writer  that  columns  with  their  several  parts  tied 
together  with  solid  plates  should  have  more  favorable  consideration 
than  those  which  are  occasionally  tied  together  with  redundant  and 
stress-inducing  lattice  bars. 

Mr.  Worcester,  in  common  with  many  other  authorities,  apparently 
attributes  no  advantage  to  fixed  ends  over  pin  ends. 

It  would  seem  reasonable  that  members  with  fixed  ends  should  have 
their  lengths  multiplied  by  some  factor  (say  0.7)  when  the  allowed 
unit  stress  and  limiting  lengths  are  computed. 


Length  SO  0- 


Line  of  application 


Radius  of  gyration  =  .5.9' 

"        "■  •'          of  single  leaf  =  O.'Ji' 

Area  of  sectioa  ;=  33  sq.  in. 

Allowed  stress  by  straight-line  formula  =  16000-To|  =11720  lb.  per  sq.  in. 
Permissible  stress  if  sojne  of  the  other  stresses  due  to  flexure  are  provided  for. 


Unit  stress 

ICOOO 

duct  for  flexure  of  Colamn  as  a  whole 

1280 

"        "         "        "    unsupported  leaf 

1370 

*'         ^''    bending  stress  from  eccentric 

• 

lattice  connection 

JOO 

6350 

StiJO    Permissible  Stres.s 

Fig.  16. 

Fig.  16  is  given  as  an  example,  and  shows  the  direct  unit  stress 
allowed  by  the  straight-line  formula  of  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association,  in  which  only  the 
flexure  of  the  column  as  a  whole  is  considered,  and  also  that  permissible 
if  the  flexure  of  the  unsupported  portions  of  the  individual  leaf  and 
bending  from  the  eccentricity  of  the  lattice  bars  are  also  provided  for. 

It  seems  probable  that  the  disregarded  secondary  flexural  stresses 
in  latticed  columns  have  caused  the  tests  on  short  lengths  to  disagree 
with  column  formulas  which  are  based  on  the  compression  value  of 
the  metal.  In  devising  a  new  column  formula,  the  many  inherent 
weaknesses  of  latticed  forms  should  be  taken  into  account.     Such  a 
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formula   would   have   the   advantage  of  discouraging  the   use  of  ex-  iMr.  siicnr- 
apgerated  forms  with  redundant  metal,  and  encouraging  the  use  of      ""^'• 
members  with  continuously  connected  component  parts. 

Lewis  D.  Rights,  Assoc.  M.  Am.  Soc.  C.  E. — This  paper  brings  for-  Mr.  Rights, 
ward  a  subject  which  is  of  interest,  not  only  to  engineers  who  work 
with  structural  steel,  but  to  all  constructors  who  use  columns  of  other 
material. 

Believing  that  there  is  a  feeling  among  a  number  of  engineers 
that  the  "factor  of  ignorance"  in  regard  to  steel  columns  has  an  in- 
sufficient margin,  the  author  considers  all  the  available  tests,  reduces 
them  to  equivalent  working  values,  and  plots  the  results.  He  then 
breaks  away  from  any  attempt  to  assume  a  theoretical  formula,  and 
introduces  a  curve  which  agrees  fairly  well  in  its  middle  portion  with 
the  average  of  the  tests,  and  has  the  limiting  values  of  12  000  lb.  at 

I 
one  end  and   120      at  tlie  other. 
r 

As  shown  by  the  author's  diagram,  Fig.  1,  most  of  the  formulas 
now  in  common  use  indicate  considerably  higher  values  than  those 
given  by  the  proposed  curve,  and  the  question  at  once  arises  whether 
engineers  are  warranted  in  making  such  a  radical  reduction.  In  the 
light  of  present  knowledge,  the  speaker  does  not  feel  that  it  is  advisable 
to  take  such  a  step.  Many  of  the  tests  which  the  author  has  plotted 
are  from  twenty  to  twenty-five  years  old;  some  of  them  are  on  plain 
shapes,  and  many  of  them,  as  indicated,  are  for  iron.  The  present 
practice  has  been  built  up  from  these  same  tests,  and  is  an  attempt, 
perhaps  in  a  makeshift  way,  to  accommodate  itself  to  the  improved 
conditions  of  manufacture  and  details,  which  have  changed  materially 
since  the  tests  were  made.  It  is  the  speaker's  belief  that  engineers 
would  hardly  feel  justified  in  recommending  this  increased  expense  to 
their  employers  or  clients. 

Although  the  speaker  cannot  agree  with  the  author  as  to  the  large 
reduction  proposed,  nevertheless,  he  feels  that  some  enthusiasts,  over- 
confident in  the  supposed  knowledge  concerning  the  present  state  of 
manufacturing,  have  increased  the  working  values  beyond  safe  limits, 
and  he  would  suggest  that  there  is  a  middle  ground.  He  would  like 
to  offer  as  a  temporary  formula,  and  more  or  less  of  a  compromise,  the 

I 
straight  line  produced  by  15  000  —  75  -  . 

For  the  initial  point,  15  000  lb.  seems  to  be  a  satisfactory  value. 
A  very  large  proportion  of  the  steel  now  used  has  an  average  ultimate 
stress  of  60  000  lb.,  with  an  elastic  limit  of  33  000  lb.,  and  the  values 
suggested,  if  properly  reduced,  would  come  within  what  is,  at  present, 
considered  a  safe  limit.  It  will  be  noted  from  the  diagram.  Fig.  17, 
that  this  straight  line  agrees  with  the  author's  plotted  tests  in  the 
middle  portion  fully  as  well  as  the  proposed  curve,  and  that  it  would 
be  practically  tangent  to  the  proposed  curve  at  this  position. 
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Mr.  Rights.        While  it  is  desirable  to  cut  off  the  column  formula  at  some  higher 

value  of      ,  the  question  also  arises  as  to  where  this  point  shall  be.   Some 

engineers  favor  100,  others,  120,  others,  125,  and  all  of  them  probably 
have  had  occasion  at  some  time  to  consider  columns  at  even  a  higher 

value  of  -  than  125.    When  such  high  values  become  absolutely  neces- 

r 
sary,  the  engineer  uses  the  old  formula  with  discretion.     It  is  the 
speaker's  belief    that,  instead   of  attempting  to  saw  off  the  curve  at 
some  arbitrary  point,  it  should  be  made  fool-proof  by  giving  it  safe 
I 


values   above  120  " .     It  will  be   peon   that   the  proposed  straight  line 
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Id  end  at  200    .  and  would  give  fairly  low  values  between  this  and 
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DIAGRAM   OF   COLUMN    FORMULAS 
Fig.  17. 


In  the  light  of  our  present  knowledge,  or  ignorance,  the  straight- 
line  formula  would  seem  to  be  adequately  accurate  for  all  practical 
use,  and  the  speaker  feels  that  engineers  could  not  do  better  than 
adopt  such  a  simple  formula  until  more  is  learned  about  the  subject. 
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The  speaker's  suggestion  would  be  that  engineers  either  stick  to  Mr.  itights. 
Ihoir  present  formulas,  using  them  in  a  conservative  manner,  or  adopt 
some  simple  straight  line,  as  suggested  herein.  New  tests  are  needed, 
not  new  formulas,  and,  until  these  tests  become  available,  it  would  be 
better  for  engineers  to  work  conservatively  along  the  lines  they  have 
been  taught. 

A.  W.  Carpenter,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Mr.  carpenter. 
Worcester  apparently  overlooked  the  fact  that  full-sized  tension  mem- 
bers do  not  develop  the  strength  of  specimen  test  pieces,  and  his  com- 
parison of  the  ultimate  strength  of  full-sized  columns  with  the  ulti- 
mate tensile  strength  of  test  specimens,  therefore,  is  hardly  on  a  fair 
basis.  In  proof  of  the  statement  that  full-sized  tension  members  do 
not  develop  the  strength  shown  by  test  specimens  of  the  same  material, 
the  writer  would  cite  the  tests*  by  J.  E.  Greiner,  M.  Am.  Soc.  C.  E., 
on  built-up  tension  members;  the  "Tension  Tests  of  Steel  Angles  with 
Various  Types  of  End-Connection,"t  by  Frank  P.  McKibben,  M.  Am. 
Soc.  C.  E.;  and  any  bridge  engineer's  records  of  tests  of  full-sized 
cyc-bars. 

TABLE  11. 


Description  of  tests. 


Specimen  tests. 


*     Ratio  of 
Full-sized       full-sized 
tests.  to  specim  en- 

TESTS. 


a  ^a 

2§i 
"S  0,0" 


1^3  »=     cf^s 


J.  E.  Greiner's  tests  of   built-up,  ] 
tension  members:   Nos.  3  to  10  of   |       ,,;,  j 
Series  A;  Nos.  11  to  18  of  Series   y      '*„", 
B:  Average  of  16  tests  of  full-   j     ®'^^'^'- 
sized  members i 

J.  E.  Greiner's  tests  of  single-an-  i  ,y[.,  . 
gle  tension  members  connected  ^  .Viii 
by  both  legs:  Average  of  4  tests.   \      >^^*^^^- 

McKibben's  tension  tests  of  single  j  ,,•■  , 
angles  connected  by  both  legs:  -  „Aii 
Average  of  12  tests \     i>iee\. 

Average  of  70  tests  of  full-sized  i  t,,^/,-,,^ 
eve-bars  reported  in  Mr.  Grei-  V  "1^^  ","{ 
ner's  paper '.  \   *''*en.) 

Average  of  34  tests  of  eye-bars  101  i 
t*y  Its  to  1t%  in.,  made  under  the  >        " 
writer's  direction ) 


38  250 


5  '"ji    "  ^  xi 


58200     ,   45  030 


57280 


33040   56  480- 


37  342    63  582 


40 187   61 630 


27  450 


Not 
given. 


31270 


30  440 


■  -  =  3  5 


50  6.50 

51050 

46750 
57745 
59160 


a 

T3 


>* 


0.73 


0.84 
0.76 


3  ^ 

5| 


0.87 

0.89 

0.83 
0.91 
0.96 


Note. — AJl  test  specimens  unannealed,  except  those  of  the  last  item. 

Table  11  is  a  summation  of  the  results  of  these  tests  in  form  to 
bring  out  the  point  desired. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXVIII,  p.  41. 
t  Engineering  News,  July  5th,  1906. 
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Mr.  Carpenter.  It  should  be  stated  that,  of  Mr.  Greiner's  tests  on  built-up  mem- 
bers, Nos.  1  and  2  of  Series  A  and  all  of  Series  C  were  excluded  from 
'J'able  11  for  the  reason  that  the  members  all  had  defective  (inten- 
tionally so  designed)  end  connections;  likewise,  only  the  angles  which 
were  connected  by  both  legs  in  the  angle  tests  mentioned  were  con- 
sidered; therefore,  the  results  are  the  most  favorable  possible  toward 
the  best  development  of  strength. 

The  high  ratios  of  ultimate  strength  of  eye-bars  to  that  in  speci- 
men tests  must  be  considered  badly  offset  by  the  low  yield-point  ratios. 
The  yield-point  ratios  for  Mr.  Greiner's  angles  are  certainly  not  favor- 
able to  the  tension  side  of  the  argument.  The  other  tests  by  Mr. 
Greiner  were  made  on  members  built  of  small  sections,  which  probably 
accounts  for  the  high  yield-point  values.  Following  the  usual  laws, 
lower  results  for  yield  point  and  (in  lesser  degree)  for  ultimate  strength 
would  be  found  in  the  members  of  truss  bridges  and  other  structures, 
which  are  built  of  thicker  sections. 
J  It  would  seem  that,  excluding  eye-bars,  it  would  be  unsafe  to  call 

the  average  ultimate  unit  tensile  strength  of  full-sized  tension  mem- 
bers more  than  0.85  times  the  corresponding  strength  of  test  specimens 
of  the  same  material;  or,  assuming  60  000  lb.  as  the  ultimate  unit 
tensile  strength  of  structural-steel  test  specimens,  the  corresponding 
average  strength  of  full-sized  tension  members  would  be  51 000  lb. 
Now,  put  Mr.  Worcester's  Diagram  of  Column  Formulas  on  the  basis  of 


16  000 


51  000 


for  steel  and 


16  000 


16  000 


X  51  000        42  500 


for    wrought    iron,    and    tlie 


value  he  has  chosen  as  the  unit  stress  for  the  ratio,       =  0  (12  000  lb.), 

will  become  14  000  lb.  (practically). 

Mr.  Worcester  entirely  disregards  the  effect  of  end  conditions  on 
the  columns  tested,  treating  columns  with  flat  and  hinged  ends  alike. 
This  seems  to  be  rather  unsatisfactory,  since  the  theoretical  influence 
of  the  end  conditions  on  the  strength  of  columns  is  well  backed  up  by 
tests,  and,  undoubtedly,  conditions  arise  which  justify  a  distinction  in 
this  regard.  The  writer  is  wholly  in  favor  of  a  single  formula  for 
bridge  work,  and  that  based  on  hinged  ends,  since  this  condition  is 
closely  approximated  in  pin-connected  members,  and  the  strengthening 
effect  of  greater  fixity  of  ends  in  members  with  riveted  connections  is 
offset  in  unknown  degree  by  secondary  stresses  and  unavoidable  eccen- 
tricity of  loading.  It  would  seem  preferable  to  base  a  curve  on,  or 
compare  formulas  with,  full-sized  tests  of  columns  the  end  conditions 
of  which  are  alike.  For  building  work  and  special  cases,  in  which  the 
condition  can  be  unquestionably  realized,  a  formula  for  columns  with 
fixed  ends  would  seem  to  be  entirely  proper. 

Mr.    Worcester    mentions    the    tests    of    Tetmajer,    Marshall,    and 
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Christie  as  "full-sized."  In  his  excellent  paper,  entitled  "The  Prac- 
tical Column  under  Central  or  Eccentric  Loads,"*  Mr.  J.  M.  Moncriefi" 
gives  separate  diagrams  covering  all  the  important  series  of  tests  of 
columns  made,  up  to  the  date  of  the  paper,  and  apparently  includes 
all  the  tests  cited  by  the  author.  According  to  these  diagrams,  the 
tests  of  Tetmajer,  Marshall,  and  Christie  were  on  very  small  "full- 
sized"  members,  generally,  such  as  bars  1  in.  square,  small  angles,  and 
other  shapes  and  tubes.  It  seems  that  some  distinction  should  be  made 
between  these  (especially  the  solid  bars  of  insignificant  size)  and  large 
columns,  such  as  those  tested  by  Bouscaren,  Strobel,  and  the  Water- 
town  Arsenal.    It  was  noted  that  the  particularly  low  result  of  28  000 

lb.  ultimate  strength  for  a  column  having  _^   =  30  was  obtained  in 

the  series  of  "55  tests  at  Watertown  Arsenal  of  3-in.  square  bars  (cold- 
straightened),  mostly  on  pins  IJ  in.  in  diameter,  eight  being  on  pins 
from  J  in.  to  2i  in.  in  diameter,"  all  of  wrought  iron.  It  would  seem 
that  such  tests  should  be  given  very  little  weight  in  this  consideration. 
The  writer  has  failed  to  note  any  test  of  a  properly-constructed,  cen- 
trally-loaded large  column  which  gives  any  such  low  result.  The 
author's  statement  regarding  a  factor  of  only  2  between  the  ultimate 
strength  of  columns  and  a  working  stress  of  16  000  lb.  per  sq.  in.  in 
compression  seems  to  be  misleading,  because,  if  the  16  000  lb.  be  con- 
sidered the  constant  for  reduction  in  one  of  the  usual  column  formulas, 
such  tests  as  have  been  made  on  large  columns  show  an  average  factor 
of  considerably  more  than  2 — perhaps  2.5  for  mild  steel — and  it  has 
been  pointed  out  that  the  average  factor  in  tension  is  about  3.2.  The 
range  of  variation  from  the  average  is  thought  to  be  about  the  same 
in  tension  as  in  compression.  A  careful  study  of  tests  of  large  steel 
columns  leads  the  writer  to  think  that  it  would  not  be  far  wrong  to 
take,  as  the  value  representing  the  ultimate  strength  of  well-propor- 
tioned and  properly-detailed  columns,  in  the  numerator  of  the  Gordon- 
Rankine  or  other  equivalent  column  formula,  41  000  lb.  for  mild  steel 
;mx1  36  000  lb.  for  wrought  iron.  These  values  would  require,  for  equal 
factors  of  safety  based  on  ultimate  strength,  approximately  the  follow- 
ing comparative  values: 

For  tension  in  steel,  10  000  lb.  per  sq.  in. 
For  compression  in  steel,  13  000  lb.  per  sq.  in. 
For  tension  in  wrought  iron,  13  000  lb.  per  sq.  in. 
For  compression  in  wrought  iron,  11  000  lb.  per  sq.  in. 

In  spite  of  the  author's  remarks,  it  seems  difficult  to  get  around 
the  fact  that  engineers  do  and  must  design  with  the  elastic  limit  in 
view,  and  not  the  ultimate  strength,  and  that  the  structure  is  unsafe 
and  possibly  ruined  when  the  elastic  limit  (or  more  properly  perhaps, 

*Transactions,  Am.  Soc.  C.  E.,  Vol.  XLV.  p.  334. 
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Mr.  Carpeuter.  the  yield  point)  is  passed,  in  tension  as  well  as  in  compression.  Also, 
there  is  considerable  stren^h  beyond  the  yield  point  in  compression, 
which,  as  far  as  it  goes,  is  just  as  valuable  as  the  tensile  strength  be- 
yond that  limit.  There  appears  to  be  a  lack  of  data  on  the  elastic 
strength  of  columns.  Such  as  the  writer  has  been  able  to  find,  indi- 
cate that  the  elastic  strength  will  be  found  below  that  of  test  speci- 
mens, but  not  more  so  than  with  eye-bars  in  tension.  There  also  ap- 
pears to  be  much  greater  danger  from  imperfect  workmanship  and 
injuries  to  material,  in  the  case  of  columns,  than  in  tension  members, 
,  for  which  reason  the  writer  agrees  with  the  author,  that  a  lower  unit 

should  be  used  in  compression  than  in  tension,  and  thinks  that  per- 
haps the  ratio  derived  from  the  ultimate  strength  values  proposed,  will 
be  satisfactory,  that  is,  a  compression  unit  of  about  eight-tenths  of  the 
tensile  unit. 

It  is  at  this  point  that  the  writer  would  ask,  speaking  from  the 
viewpoint  of  a  bridge  designer,  why  reduce  the  compression  value? 
Why  not  raise  the  tension  value  ?    "Was  not  the  16  000-lb.  unit  chosen 
with  a  view  to  increased  loads,  and  has  not  the  test  of  years  proven 
that  railway  bridges  can  carry,  with  absolute  safety  and  without  ap- 
preciable  deterioration,   much  higher  stresses  than  the  equivalent  of 
the  16  000  lb.  ?     If  the  question  of  maximum  loading  is  settled,  the 
writer  sees  only  extravagance  in  designing  a  steel  railroad  bridge  for 
the  tension  unit  stress  of  16  000  lb.,  the  usual  allowance  being  made 
for  impact  and  workmanship  of  the  high  standard  generally  required. 
Neither  experience  with  columns  in  structures,  nor  study  of  tests, 
convince  the  writer  that  there  is  any  cause  for  alarm  in  the  use  of 
the    16  000-lb.    compression    constant    in    working    formulas    for    steel 
columns,  unless  it  be  that  one  cannot  depend  on  having  columns  prop- 
erly proportioned  and  properly  detailed.     An  analysis  of  most  of  the 
large  columns   which  have  been  reported  as  showing  unsatisfactory 
strength  will  show  that  the  columns  were  defective  in  design,  as  com- 
pared  with  the   requirements   of   good   modern  practice.     The   writer 
thinks  that  the  principal  trouble,  if  any,  will  be  found  in  the  colimin 
details,  and  that  if  the  same  attention  is  given  to  the  concentric  ap- 
plication of  loads  and  to  rivet  connections  as  in  tension  members, 
ample  provision  is  made  for  the  full  transmission  of  stress  to  all  parts 
of  members  through  details,  and  the  ratios  of  width   and  length  to 
thickness  are  kept  down  to  the  limits  of  conservative  modern  specifica- 
tions, so  that  columns  wiU  have  some  body  and  not  be  "built  of  sheet 
iron,"  and  there  will  be  no  failures  nor  cause  for  alarm  with  the 
16  000-lb.  compression  constant  in  columns  of  ordinary  size  and  con- 
struction. 

It  seems  to  the  writer  that,  instead  of  being  cut  off  on  a  horizontal 

lino  for  verv  low  values  of  _.  say  less  than  20.  a  formula  line  should 
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theoretically  rise  abruptly  to  the  compressive  limit  of  the  material  at  Mr.  Carpenter. 
,  =  0.     This,  of  course,  would  make  a  complicated  formula,  and,  as 

such  short  columns  are  unusual,  it  may  be  as  well  to  omit  this  extra 
complication.     It  will  be  noted  that  Mr.  Worcester  omitted  to  plat 

values  for  columns  having  <  20,  although  the  series  of  tests  he  men- 
tions includes  a  large  number  of  such  with  values  which  would  rise  to 
the  limits  of  his  diagram. 

In  conclusion,  the  writer  would  state  that  he  is  opposed  to  a 
formula  that  is  "chopped  ofi"  at  the  "long"  end.  Such  a  formula  may 
be  all  right  to  design  with,  but  it  is  "no  good"  for  use  in  determining 
the  strength  of  existing  structures.  A  formula  which  best  represents 
the  true  strength  of  a  column,  assuming  its  design  is  correct  and  its 
physical  condition  is  up  to  the  average,  seems  to  be  the  proper  one, 
and  he  does  not  know  of  any  formula  that  fulfills  this  condition  as 
well  as  the  Gordon-Eankine  formula,  in  the  form: 

C 


1  + 


o 


18  000  \r 

C.  J.  TiLDEX,  Assoc.  M.  Am.  See.  C.  E.  (by  letter). — The  writer  Mr. Tikien. 
would  like  to  call  attention  to  one  point,  often  overlooked,  in  regard 

tc  the  use  of  the  ratio,    .  ,  in  the  reductive  term  of  practically  all 

column  formulas.  In  this  ratio,  I  is  the  unsupported  length  of  the 
column,  and  r  its  least  radius  of  gyration,  both  measured  in  the  same 
linear  unit.  The  adoption  of  this  ratio  is  equivalent  to  assuming  that 
the  flexure  of  a  long  column  will  take  place  in  the  direction  of  its 
least  transverse  dimension ;  that  is,  in  a  column  of  rectangular  section, 
in  a  direction  parallel  to  the  shorter  side  of  the  rectangle;  in  a  column 
of  I-section,  parallel  to  the  flanges,  etc. 

That  this  assumption  is  incorrect  may  be  shown  by  investigating 
the  resisting  moment  of  a  beam  subjected  to  transverse  loads,  as  the 
direction  of  the  plane  in  which  the  loads  act  is  changed.* 

Take  a  concrete  example:  Let  A  B  C  D  (Fig.  18)  represent  the 
cross-section  of  a  rectangular  prismatic  beam,  which  may  be  subjected 
to  transverse  loads  acting  in  any  plane  which  contains  the  gravity 
axis,  G,  of  the  beam.  The  problem  then  becomes  that  of  finding  that 
direction  of  the  plane  of  loads,  Mx-  which  will  cause  the  greatest  fiber 
stress  on*the  section  for  a  given  value  of  the  bending  momAit.     In 

*  A  complete  analysis  of  this  question  may  be  found  in  the  paper  by  L.  J.  Johnson.  M. 
Am.  Soc.  C.  E..  entitled  "An  Analysis  of  General  Flexure  in  a  Straielit  Bar  of  Cuiform 
Cross-Section.'"  Trnnsactions.  Am.  Soc.  C.  E.,  Vol.  LTI.  p.  169  ef  se<i.  Professor  Johnson's 
"  S-pclygon  ■■  furaish?s  a  striking  graphical  proof  of  the  facts  demonstrate!  in  this  discus- 
sion. 
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Mr.  Tilden.  Fig.  18   this   direction   will   be    either  Mjj   (the   usual,  but  erroneous, 
assumption),    or   some   position   intermediate  between    3f/ and  Mjf,as 

For  the  direction,  J//,  the  maximum  fiber  stress  of  tension  will  occur 
on  CD,  and  this  will  equal  the  compressive  stress  on^  B.  Similailv. 
for  the  direction,  31  u,  A  D 
will  be  in  tension  and  B  C 
in  compression.  For  any 
intermediate  position,  Jl/j, 
the  maximum  tensile  stress 
will  then  occur  at  D,  with 
an  equal  comi^ressive  stress 
at  B.  It  is  required  to 
find  that  value  of  a,  the 
angle  between  planes  of 
3Ix  and  Mji,  which  makes 
this  stress  an  absolute 
maximum  for  any  given 
value  of  3/,  the  bending 
moment. 

Resolve  J/y  into  its 
two  components,  Mx  sin. 
a  and  Mx  cos.  a,  parallel, 
respectively,  to  the  prin- 
cipal axes  of  the  .section. 
For  Mx  sin.  a,  the  stress 
at  D  (and  also  at  C)  is  a 
tension  of 

6  Mx  sin.  a 


J' 


blv" 


Fig.  1 


For  3Ix  COS.  cr,  the  stress  at  1)  (and  also  at  .1)  is  a  tension  of 

6  Mx  COS.  a 


/"  = 


7/  h 


The  resulting  tension  at  D  is,  then, 

^   _    .  .„        6  Mx  [6  sin.  a  +  h  cos.  a] 

obviously  a  function  of  a.    To  make/^,  a  maximum,  Mx  being  a  con.stant. 

Whence 

b  COS.  a  =  h  sin.  a 
and 

.sin.  a  b 

=  tan.  a  =  , 

cos.  a  h 


(b  cos.  a  —  h  cos.  a) 
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whence  comes  the  important  fact  that  the  plane   of  least  resistance  m 
to  transverse  forces,  in  the  case  of  a  rectangular  section,  is  normal 
to  the  diagonal,  A  Q. 

Bending,  however,  will  not  take  place  in  this  plane;  and,  in  order 
to  find  the  direction  of  flexure,  the  neutral  axis  for  this  condition  must 
be  established.  Assuming  linear  distribution  of  stress,  and  that  the 
beam  is  subjected  only  to  transverse  forces  (that  is,  the  neutral  axis 
passes  through  the  center  of  gravity  of  the  section),  a  second  point  on 
the  neutral  axis  may  be  determined  by  finding  the  stress  at  0.  This 
will  be 

6  Mx  (^  sin.   a  —  /t  cos.  a) 

obviously,  in  this  case,  compressive.  If  this  value  is  laid  off  to 
any  convenient  scale  at  C  c,  and  the  value  of  fa,  found  above,  is  laid 
off  to  the  same  scale  at  D  d,  the  straight  line,  c  d,  will  cut  C  D  at  e,  a. 
point  of  zero  stress  and  therefore  lying  on  the  neutral  axis,  which  is 
then  established  by  drawing  G  e.  Or,  the  distance  C  e  may  be  com- 
puted readily  from  the  relation  between  fc  and  fa,  and  the  tangent  of 
the  angle,  h.  between  n-n  and  Mj  determined  in  terni«  of  6  and  /*. 
This  value  is 


r.  Til.leii. 


tan.  9  = 


The  same  principles  may  be  ap>plied  to 
finding  the  weakest  plane  and  correspond- 
ing neutral  axis  for  any  section.  In  Fig. 
19,  for  example,  is  shown  a  column  section 
built  up  of  plates  and  angles.  The  plane 
of  least  resistance  to  bending  is  in  the  di- 
rection, M-M^,  and  the  neutral  axis  for 
this  plane  is  n-n. 

The  foregoing  analysis   applies   strictly  K.~^j^;sij^^^;;>^->.-^ 
to  beams  only.    If,  however,  a  member  hav-  i  i 

ing  either  of  the  sections  shown  should  be  ' 

used  as  a  strut,  and  subjected  to  an  axial 
load  which  is  carried  to  such  a  point 
that  lateral  flexure  begins,  the  column  would  tend  to  bend  in  a  direc- 
tion normal  to  the  line,  n-n.  The  neutral  axis  in  this  case  would  be 
parallel  to  the  direction  of  n-n,  though  it  would  not,  of  course,  pass 
through  the  center  of  gravity  of  the  section. 

In  view  of  the  foregoing,  therefore,  the  "least  r"  or  radius  of  gyra- 
tion parallel  to  the  least  transverse  dimension  of  a  column,  is  not 
strictly  a  measure  of  its  greatest  lateral  weakness.*    It  may  be  readily 

*G.  S.  AVilliams,  M.  Am.  Soc.  C.  E..  suggests  that  the  variable  in  the  reductive  term 
should  be  made ,  instead  of 


1)1 
I 

Fig.  19. 
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Mr.  Tiiden.  shown  by  experiment  that  a  long,  thin  strut,  of  rectangular  or  square 
section,  flexed  by  an  axial  load,  will  not  bend  in  the  plane  of  its  least 
dimension,  unless  forced  to  do  so  by  restraint  at  the  ends. 

Empiricism,  however,  plays  such  an  important  part  in  the  problem 
of  the  strength  of  columns,  that  it  is  perhaps  not  worth  while  to  cavil 
at  the  mathematical  inapplicability  of  a  term  the  ultimate  value  of 
which,  after  all,  rests  on  experiment.  The  author's  formula  is  direct 
and  conservative,  and  its  graphical  simplicity  commends  it  highly; 
but  the  fact  should  not  be  forgotten  that  the  reductive  term  of  this 
formula,  as  of  all  its  predecessors,  is  based  on  an  erroneous  assumption. 

Mr.  Jonson.  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  agrees 
with  the  author  that  the  working  unit  loads  now  used  for  coliunns 
should  be  reduced,  because  they  give  a  smaller  factor  of  safety  than 
that  used  for  other  structural  members.  On  the  other  hand,  he  dis- 
agrees with  the  author's  contention  that  an  empirical  formula  is  con- 
sistent with  the  best  possible  design,  because' such  design  pre-supposea 
an  understanding  of  the  nature  of  the  column,  in  other  words,  a  theory 
of  columns.  The  speaker  claims  that  the  present  high  unit  loads  used 
for  columns  are  due  to  empirical  methods,  or  lack  of  proper  theoretical 
treatment  of  the  problem.  He  also  claims  that  most  cases  of  faulty 
column  design,  especially  bad  detailing,  are  due  to  the  same  cause; 
and,  finally,  that  a  large  percentage  of  the  column  tests  are  more  or 
less  inconclusive  because  they  were  not  made  under  the  guidance  of 
theory. 

The  theory  of  the  column  was  developed  by  Euler,  in  the  eighteenth 
century,  and,  because  it  was  mathematically  correct,  was  accepted  as 
applicable  to  actual  columns.  "^Tien  tests  of  columns  were  made,  it 
was  found,  however,  that  they  did  not  fulfill  the  predictions  of  pure 
theory.  This  experience  placed  the  theory  under  suspicion,  and  called 
forth  numerous  empirical  formulas.  A  more  thorough  study  of  the 
problem,  however,  revealed  the  fact  that,  while  the  theory  was  correct, 
it  was  the  theory  of  a  mathematically  perfect  column  of  a  physically 
perfect  material,  and,  therefore,  had  been  wrongly  applied  when  used 
in  calculating  actual  columns  without  any  allowance  being  made  for 
imperfections  of  workmanship  and  .material. 

Every  actual  column  contains  innumerable  imperfections,  such  as 
irregularities  of  form,  lack  of  uniformity  in  the  material,  initial 
stresses,  etc.  All  such  imperfections  have  one  thing  in  common, 
namely,  that,  in  so  far  as  they  a€ect  the  equilibrium  of  the  column, 
their  essence  is  eccentricity,  or  divergence  of  the  line  of  resistance  from 
that  of  the  load.  No  theory  can  take  account  of  all  the  innumerable 
variations  found  in  Nature;  hence,  in  order  that  a  problem  may  be 
treated  theoretically,  it  must  be  more  or  less  simplified.  In  the  case 
of  a  column,  this  is  done  by  substituting  a  small  eccentricity  of  load- 
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ing  for  all  actual  eccentricities — an  eccentricity  which  shall  have  the  Mr.  Jonson. 
same  effect  on  the  equilibrium  of  the  column  as  all  the 
actual  ones.  Since  the  magnitude  of  this  equivalent  ec- 
centricity is  a  function  of  the  properties  of  the  material  and 
the  workmanship,  it  must  be  determined,  of  course,  by  tests, 
like  other  physical  properties. 

The  essence  of  the  theory  of  the  column  is  as  follows*: 
A  column,  unless  absolutely  perfect,  can  develop  resistance 
only  by  bending,  because  it  is  subject  to  a  bending  moment 
which  is  the  product  of  the  load  and  the  eccentricity.  As 
the  column  bends,  the  load  moment  increases,  but,  at  the 
same  time,  a  resisting  moment  arises.  When  the  latter 
moment  becomes  equal  to  the  former,  the  column  is  in  a 
state  of  stable  equilibrium;  hence  it  follows  that  the  curve 
of  flexure  of  a  column  is  a  curve  of  cosines,  this  curve,  being 
the  one  in  which  the  second  differential  coefficient,  of  which 
the  resisting  moment  is  a  function,  is  proportional  to  the 
ordinate,  of  which  the  load  moment  is  a  function.  The  equation  of 
the  cvirve  of  flexure  is,  then. 


y  ==/cos 


■u 


(I) 


where  y  =  ordinate,  x  =  abcissa,  f  =  y  maximum,  or  y  for  a;  =  0, 
r  =  radius  of  gyration,  w  =  unit  load,  and  E  =  modulus  of  elasticity 
(Fig.  20).  Since  the  maximum  external  or  load  moment  and  the  in- 
ternal or  resisting  moment  must  be  equal,  it  follows  that 

'^%^' (11) 


-        /  = 

where  p  =  the  maximum  unit  stress,  and  a  =  the  distance  from  the 

neutral  axis  to  the  extreme  point  of  section.    Hence 

f^  (  p  —  iv)  X     I  w 

y  =  — — COS.      ,    ^ 

■^  aw  r  \E 

If  y   is  made  equal   to   the  equivalent  eccentricity,   c,  then  x  be- 
comes equal  to  half  the  length,  I,  of  the  pin-connected  column. 


(Ill) 


iP  —  ^1^) 


'■^rs\ 


(IV) 


This  equation  expresses  the  relation  between  length  and  unit  load. 

From  Equation  I  a  formula  is  obtained  for  calculating  the  value 
of  c  when  the  deflection,  D,  of  the  column  is  known.     Let  y  =  c, 

f  =  D  -]-  c,  and  X  =      ,  and  we  have 


c  =  D 


2l- 


si 


W 


(V) 


*The  development  of  this  theory  may  be  found  in  Bach"s  "Elasticitat  und  Festigkeit." 


200  DISCUSSION  ON"  SAFE  STRESSES  IN  STEEL  COLUMNS 

Mr.  jonson.  From  this  formula  it  may  be  seen  that  column  tests  are  conclusive 
only  when  the  unit  load,  the  length,  and  the  deflections  in  two  direc- 
tions at  right  angles  to  each  other,  are  accurately  determined.  The 
first  and  third  of  these  observations  offer  no  special  difficulty,  but  the 
length  is  seldom  determined  with  sufficient  exactness.  The  reason  is 
that,  for  the  purpose  of  a  test,  the  length  of  a  column  is  not  the 
distance  between  its  ends,  but  the  distance  between  the  two  points  on 
the  axis  of  a  column  in  which  the  bending  moment  is  zero.  In  order 
to  fix  the  location  of  these  points,  the  bearings  must  be  able  to  rotate 
without  appreciable  resistance  around  fixed  centers.  The  best  way  to 
accomplish  this  would  be  by  using  knife-edge  bearings  of  hard  steel. 
If  pin  bearings  have  to  be  used,  the  pins  should  be  of  the  least  possible 
diameter,  well  supported,  and  the  bearings  in  the  ends  of  the  column 
should  be  reinforced  so  thoroughly  that  they  would  not  be  strained  be- 
yond the  elastic  limit,  even  at  the  breaking  point  of  the  column.  The 
deflection  of  the  column  should  also  be  confined  as  much  as  possible 
to  a  direction  perpendicular  to  the  axis  of  the  pin  by  making  the 
column  quite  wide  in  the  other  direction.  If  columns  of  nearly  equal 
stiffness  in  both  directions  are  tested,  ball  and  socket  bearings  should 
be  used.  In  the  case  of  the  tests  given  by  the  author,  it  is  not  stated 
to  what  extent  inconclusive  and  misleading  tests  have  been  excluded 
in  plotting  the  diagram.  Tests  of  columns  with  flat  or  fixed  ends  are 
inconclusive,  because  one  cannot  be  sure  of  the  absolute  fijiedness  of 
the  ends.  More  tests,  and  more  refined  tests,  are  needed  for  a  satis- 
factory determination  of  the  value  of  c.  For  the  present,  the  speaker 
thinks  that  0.25  r  may  be  considered  as  a  safe  value  for  c. 

The  object  of  a  factor  of  safety  is  to  cover,  with  an  ample  margin, 
the  maximum  variation  in  each  condition  which  affects  the  strength 
of  a  structural  member.    In  the  case  of  steel  beams,  a  factor  of  safety 

of  about  .-,  is  applied  to  the  unit  stress,  and  this  also  covers  any  possi- 
ble variation   in  the  load,  because  the  result  is  the  same  as  if,  for 

instance,  the  factor,  -J  2,  is  applied  to  the  load  and  —r-    to  the  unit 

v/2 

stress.  In  columns,  on  the  other  hand,  it  makes  a  difference  how  the 
factor  of  safety  is  applied.  Here  it  must  be  divided  up  on  the  unit 
load  and  the  unit  stress,  that  is,  in  order  to  get  the  same  degree  of 
safety  as  in  a  beam  stressed  to  16  000  lb.,  a  factor  of  safety  of  1.5 
must  be  applied  to  the  load,  and  a  unit  stress  of  24  000  lb.  must  be 
used,  and,  besides,  the  value  of  the  modulus  of  elasticity  must  be  re- 
duced to,  say,  28  000  000  lb.  Introducing  these  values  into  Equation 
V,  the  result  is 

^^.^^O4  000-1.5„),„,.r^ 

1.0  a  w  8  040  /• 
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It  is  evident  that  this  equation  is  too  complicated  for  direct  use  in  Mr.  .lunson. 
practice,  and,  therefore,  it  must  be  reduced  to  a  curve.    For  this  pur- 
pose, it  may  be  written  as  follows: 

I  8  640  0.37r,  a  ir 

=    arc  cos.     -  

-r  V"-  r  (-24  000  —  l.r,  w) 


(A'll) 
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Fig.  21. 


Curves  for  various  values  of  a  are  given  in  Fig.  21.  Although  the 
factors  of  safety  used  for  unit  load  and  unit  stress  are  the  same  as 
those  commonly  used  for  beams,  and  although  those  for  the  additional 
elements  entering  into  the  column  problem  are  very  moderate,  the  re- 
sulting unit  loads  are  very  much  less  than  those  commonly  used.  In 
other  words,  these  latter  unit  loads  do  not  give  the  same  factors  of 
safety  as  those  given  to  other  structural  members.  These  curves  also 
reveal  another  weak  point  in  the  present  method  of  determining  safe 
unit  loads  for  columns,  namely,  that  no  account  is  taken  of  the  relation 
of  a  to  r. 

The  foregoing  general  theory  of  the  column  furnishes  a  basis  from 
which  a  rational  method  of  designing  column  details  may  be  developed. 

E.  D.  Coombs,  M.  Am.  Soc.  C.  E.  (by  letter). — Attention  is  called  Mr.  Coombs, 
to  the  fact  that  in  establishing  a  column  formula,  limited  to  values  of 

-  between  0  and  120,  no  provision  is  made  for  certain  classes  of  con- 
struction. Transmission  towers  and  other  light  structures  very  fre- 
quently include  compression  members  in  which  the  ratios  of    ,     are 
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Coombs,  greatly  in  excess  of  120.    It  does  not  appear  to  be  sufficient  to  charac- 
terize all  such  work  as  simply  third-rate,  and  beyond  the  pale  of  proper 

I  ... 

specifications.  Either  the  excessive  values  used  for  -  are  scientifi- 
cally wrong  and  their  continued  use  a  grave  error,  or  a  column  formula 
reducing  to  0  at  120  is  equally  wrong  as  a  representation  of  fact. 

It  is  claimed,  by  the  builders  of  such  towers,  that  their  practice  is 
based  upon  tests  of  full-sized  structures,  and,  in  the  aggregate,  a  large 
number  of  such  tests  have  been  made,  representing  probably  the 
largest  series  of  full-sized  tests  of  framed  structures. 

I 

Without  wishing  to   advocate   excessive   values   of  -  ,  the   writer 

would  suggest  that  in  competitive  bidding,  particularly  when  the 
financial  resources  of  the  purchaser  are  not  great,  the  limiting  value  of 

T  is  approximately  200.  Table  12  has  been  compiled  from  mis- 
cellaneous designs  covering  a  variety  of  work,  presumably  approved 
by  different  engineers  throughout  the  country. 

TABLE  12. 


Height  of  trans- 

- 

I 

mission  tower. 

Member. 

Section. 

I 

r 

in  feet. 

Horizontal  strut. 

50 

One  L  2i  X  2i  X  i  in. 

138  in. 

0.49  in. 

281 

50 

Main  column  leg. 

One  L  3i  X  S^  X  1:  in. 

138  '• 

0.69  " 

200 

62 

Diagonal  strut. 

One  L  3    x  3    X  4  m. 

1T6  •• 

0.59  '• 

298 

62 

Main  column  leg. 

One  L  -il  X  3i  X  tb  in. 

120  •• 

1.08  " 

111 

57 

Horizontal  strut. 

One  L  3i  X  2^  X  i  in. 

138  •' 

0.49  " 

281 

57 

Main  column  leg. 

One  L  4    X  4    X  ."e  m. 

132  " 

0.79  '• 

167 

60 

Strut. 

One  L  3    X  3    X  i  in- 

140  '• 

0.59  '• 

237 

60 

Main  column  leg. 

One  L  4    X  4    X  T%  in. 

120  - 

0.79  " 

152 

49 

31aiu  column  leg. 

One  L  3    X  3    X  ^fj  m. 

84  •' 

0.59  '• 

142 

49 

Horizontal  strut. 

One  L  2    X  2    X  J  in. 

120  ■' 

0.40  '• 

300 

99 

Horizontal  stiut. 

One  L  4    X  4    x  /a  in. 

180  •' 

0.79  •' 

228 

Mr.  CaiD. 


William  Cain,  M.  Am.  See.  C.  E.  (by  letter). — In  considering  the 
merits  of  any  new  column  formula,  it  is  well  to  "take  stock"  of  what 
we  have  that  is  sound  and  useful,  and  particularly  to  compare,  side 
by  side,  correct  theory  with  experimental  data. 

The  "ideal  column"  is  a  prismatic,  homogeneous  column,  without 
initial  stress,  having  the  resultant  load  applied  at  one  end,  in  the 
direction  of  the  straight  axis,  passing  through  the  centers  of  gravity 
of  the  cross-sections.  Although  there  are  no  ideal  columns  in  practice, 
the  theory  pertaining  to  them  is  absolutely  essential  in  order  to  under- 
stand fully  the  behavior  of  actual  columns,  or  those  which  are  not 
straight,  not  homogeneous  as  to  material,  strength,  modulus,  limit  of 
elasticity,  and  perhaps  with  initial  stress,  besides  eccentric  applica- 
tion of  the  load. 
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Two  diagrams,  Figs.  22  and  23,  are  submitted;  these  are  repro- Mr.  Cain, 
duced  from  the  discussion  by  A.  Marston,  M.  Am.  Soc.  C.  E.,  on  the 
writer's  paper,*  "Theory  of  the  Ideal  Column."  In  these  diagrams, 
showing  the  results  of  Tetmajer's  tests  on  columns,  both  of  wrought 
iron  and  steel,  the  ends  being  pivoted,  three  curves  are  drawn.  The 
upper  curve,  partly  dotted,  is  drawn  from  Euler's  formula,  the  full 
line  is  from  Mr.  Marston's  formula,  given  on  the  figure,  and  the  re- 
maining dotted  curve  is  from  the  parabolic  formula  of  the  late  J.  B. 
Johnson,  M,  Am.  Soc.  C.  E. 

In  Euler's  formula  it  is  supposed  that  the  column  is  "ideal"  and 
that  the  load  is  applied  without  eccentricity. 

First,  with  regard  to  Euler's  formula:  it  has  been  shown  by  the 

P 
writer  that  when    -—,  or  the  average  unit  stress  as  given  by  Euler's 

formula,  is  greater  than  Sgj  the  elastic  limit,  the  formula  is  inapplica- 

P 
ble,  even  theoretically.     When  -j  =  Sg,  or  is  <  S^,  corresponding  to 

I  p 

greater  values  of  -_-  than  when     ,-  =  ^S^e.-  the  formula  gives  the  load 

at  which  bending  just  begins.  Further,  for  a  very  small  propor- 
tionate increase  in  the  load,  the  column  will  fail  from  the  stresses  due 
to  the  considerable  bending  and  the  uniform  compression.  As  a 
numerical  illustration,  a  column,  pivoted  at  the  ends,  325  in.  long, 
was  assumed  as  built  up  of  two  5-in.  channels.  The  inch  being  the 
unit,  A  =  3.9,  7  =  14.8,  and  E  =  29  000  000  lb.  per  sq.  in.  Euler's 
formula  gives  the  load  that  causes  incipient  bending  as  40  105  lb.  It 
was  computed,  by  an  exact  formula,  that  an  increase  of  the  load  of 
only  5  lb.,  caused  a  deflection  of  3.44  in.  at  the  center,  with  a  resultant 
stress  on  the  most  compressed  fiber  greater  than  the  elastic  limit. 
Finally,  an  increase  of  load  of  2  or  3  lb.  more  would  entail  rupture, 
or  a  breaking  in  two  of  the  column. 

It  is  sometimes  said  that  a  load,  as  given  by  Euler's  formula,  only 
causes  bending,  and  that,  in  the  derivation  of  the  formula,  the  uni- 
form compression  is  neglected.  In  the  wrriter's  analysis,  the  uniform 
compression  was  considered  from  the  start;  also,  the  example  shows 
that  Euler's  formula  is  practically  a  formula  for  rupture,  since  a  few 
pounds  added  to  the  load  (40 105  lb.)  computed  from  it,  leads  to 
rupture. 

It  is  admitted  that  Euler's  formula  has  a  limited  application,  but 
it  is  by  no  means  useless  to  the  practical  man  who  has  to  erect  poles 
in  constructions,  build  derricks,  etc. 

A  very  important  theorem  follows  from  the  foregoing:  that  for 
ideal  columns,  too  short  for  Euler's  formula  to  apply,  no  bending  will 
occur,  and  the  stress  will  be  the  same,  and  uniformly  distributed,  on 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  pp.  109  and  111. 
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Mr.  Cain,  every  cross-section,  the  elastic  limit  not  being  exceeded.  A  similar 
statement  may  be  made  in  reference  to  long  columns,  to  which  Euler's 
formula  is  applicable,  when  the  load  is  anything  less  than  the  formula 
gives.  In  these  cases,  the  ideal  column  remains  straight;  there  is  no 
bending  stress  and  no  shear. 

Next,  consider  the  load,  P,  on  the  ideal  column,  to  be  placed  at  a 
distance,  d,  from  the  axis  of  the  column.  The  resulting  formula  is 
given  on  Figs.  22  and  23.  This  formula  is  theoretically  exact.  In  it, 
A.  :=  the  area  of  the  cross-section,  r  =  the  radius  of  gyration  of  the 
cross-section,  about  an  axis  through  its  center  of  gravity  perpendicu- 
lar to  the  plane  of  bending,  and  V  =  the  distance  from  this  axis  to 
the  most  compressed  fiber. 

To  apply  this  formula  to  the  actual  column,  Mr.  Marston  assumed, 

for  wrought  iron,    „-  =  0.07,  and  for  steel,  0.06. 

Now,  it  is  true,  as  pointed  out  in  the  writer's  paper  (quoted  pre- 
viously), that  when  is  taken  as  constant,  the  ratio  of  d,  the  ec- 

centricity,  to  the  width  of  column,  varies  considerably  for  different 
shapes;  but  when  it  is  considered  that  the  eccentricity  assumed  for 
the  actual  column  has  to  allow  in  a  rough  way  for  crookedness,  lack 
of  homogeneity  of  every  kind,  bad  workmanship,  initial  stress,  as 
well  as  the  actual  eccentricity  experienced,  the  objection  loses  much  of 
its  weight.  In  practice,  too,  the  line  of  force  may  be  incHned  to,  or 
actually  cross,  the  axis;  so  that  the  abnormalities  to  which  the  actual 
column  is  subjected  are  so  manifold  and  various  that  it  seems  hope- 
less to  deal  with  them  all  under  the  one  head  of  eccentricity.  The 
proof,  however,  is  in  the  results.  Mr.  Marston's  curves  take  a  middle 
course  through  the  whole  set  of  plotted  values  for  the  wrought-iron 
coliimns,  and  nearly  so  for  the  steel  columns.  Here  is  seen  a  practical 
method  of  dealing  with  a  truly  rational  formula,  to  give  practical  re- 
sults for  actual  columns.  No  such  definite  conclusions  as  have  been 
noted  thus  far  can  be  reached  by  a  simple  observation  of  thousands 
of  tests. 

It  may  be  remarked  that  the  full  curve  in  Figs.  22  and  23  prac- 
tically   coalesces    with    that    corresponding    to    Euler's    formula    for 

-=  225,  about,  as  should  be  the  case. 

Now,  although  the  theoretical  curves  fit  the  experiments  so  well, 
the  parabolic  curves  are  just  as  good  for  practical  results,  as  far  as 
they  extend;  then  Euler's  formula  or  curve  can  be  used  for  greater 

/ 
values  of    .• 

A  brief  reference  will  now  be  made  to  another  rational  formula. 
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first  given  by  the  writer,  in  July,  1887,*  and  derived  again  on  p.  120  Mr.  Cain 
of  "Theory  of  the  Ideal  Column :" 

P  S 


In  this  formula,  d,  V,  and  r  have  the  meaning  previously  given; 
8  is  the  total  fiber  unit  stress  on  the  concave  side  of  the  column  at 
mid-length.    The  column,  of  length  I,  is  pivoted  at  the  ends. 

The  only  approximation  used  in  deriving  this  formula  was  in  as- 
suming the  neutral  axis  to  be  parabolic.  The  late  Professor  J.  B. 
Johnson  derived  a  similar  formula  in  "Modern  Framed  Structures." 
WTien  rf  ^  0,  an  exact  theoretical  form  is  reached  by  replacing  8  by 

Exactly  as  in  the  preceding  case,  to  apply  this  formula  to  the 
actual  column    —-o-  ^^^^  have  to  be  taken  as  constant.    Unfortunately, 

P 

to  find  the  value  of        for  a  given  column,  a  quadratic  must  be  solved; 
A 

hence  the  formula  was  not  easily  adaptable  to  computation  and,  con- 
sequently, was  laid  aside. 

As  Rankine's  formula,  which  is  of  the  form, 
P  _  >S' 

A  ~7~       P~' 
1   +  c 
I 

is  sometimes  spoken  of  as  a  rational  formula  for  the  actual  column, 
it  may  be  well  to  consider  it  briefly.f 

As  this  formula  does  not  suppose  the  load  to  be  applied  eccen- 
trically, but  does  suppose  bending,  the  latter  must  come  from  crooked- 
ness or   lack   of  liomooreneitv;    for,  as  has  been  seen,  for  values  of 

°  •  ■      r 

less  than  pertain  to  Euler's  formula,  there  can  be  no  bending  for 
the  ideal  column,  and  it  is  for  just  such  lengths  that  Rankine's  formula 
has  been  mainly  used.  Comparing  it  with  the  preceding  formula 
when  d  =  0,  it  is  seen  that  c  cannot  be  a  constant,  since  it  is  propor- 
tional to  (  ,S' j)  '    "^^  ^1^6  maximum  unit  stress  at  mid-length,  on 

the  concave  side,  due  to  flexure  only.  In  fact,  in  the  derivation  of 
Rankine's  formula,  the  assumption  is  made    that  the  deflection  varies 

as    V  S.    whereas  the  very  theory  of  beams  to  which  reference  is  made 

shows  that  S  must  here  be  replaced  by  the  maximum  unit  stress  due 

to  flexure  only,  or  by  [S  —  ^  )  •     This  leads  again  to  the  preceding 

form  of  formula. 

*  Journal.  Franklin  Institute. 

+  This  part  cf  the  subject  was  discussed  so  thoroughly  by  Henry  S.  Prichard, 
M.  Am.  Soc.  C.  E.,  in  Engineering  News  for  May  6th.  1897.  that  an  apologj'  seems  to  be  due 
for  discussing  it  again. 
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Mr.  Cain.  The  Rankine  formula  is  thus  irrational,  and  it  is  surprising  that 
it  should  still  be  used  in  such  problems  as,  for  a  given  column  and  an 
assumed  load,  to  compute  ;S'^  assumed  to  be  the  total  maximum  fiber 
stress.  Mr.  Marston's  formula,  replacing  Sg  by  Sj  should  be  used  in 
such  problems.  As  Eankine's  formula  can  be  made  to  fit  the  tests 
•  very  well,  it  has  been  used  extensively;  but  it  must  be  relegated  to  the 
class  of  empirical  formulas,  like  the  parabolic,  that  fit  the  tests  equally 
well  and  are  more  convenient  to  use. 

The  writer  was  very  much  impressed  with  the  straight-line  for- 
mvilas  of  Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E.,  when  they  were 
first  published,  but  is  leaning  now  to  the  use  of  the  parabolic  formulas 
of  the  late  Professor  J.  B.  Johnson,,  the  curves  corresponding  being 
made  tangent  to  Euler's  curve.  In  this  way  results  are  obtained  which 
can  be  used  in  testing  the  strength  of  existing  structures,  as  well  as 
in  designing.  If,  in  designing,  it  is  desired  to  exclude  columns  hav- 
ing the  ratio,  — ,  greater  than  100  or  120,  say,  a  simple  clause  to  that 

effect  in  the  specification  should  suffice. 

It  will  be  seen  from  this  that  the  writer  thinks  that  the  author's 
intention  can  be  carried  out  in  a  different  way  than  in  using  the 
circular  curve.  If  all  the  innumerable  curves  that  have  been  proposed 
could  be  swept  away  and  a  curve  be  drawn  by  hand,  steering  a  middle 
course  between  the  plotted  points  (noting  carefully,  also,  the  lowest 
points),  it  would  answer  the  purposes  of  the  designer  as  well  as  a 
formula.  For  competitive  designs,  however,  a  formula  is  almost  im- 
perative. It  should  not  give  as  large  values,  for  very  short  columns — 
especially  with  riveted  or  butt  ends — as  the  straight-line  formulas. 
The  imperfect  "fixing"  of  the  ends  of  some  columns  leads  to  such 
indefiniteness  that  it  is  customary,  perhaps,  to  use  the  formula  for 
hinged  ends  for  all  cases,  though  some  allowance  is  often  made  for 
riveted  ends  or  butt  joints. 

There  is  some  indefiniteness,  too,  in  the  case  of  pin-end  columns, 
on  account  of  the  friction  of  the  pin;  so  that,  for  such  columns,  an 
eccentricity  different  from  that  used  for  pivoted  ends  would  have  to 
be  assumed,  perhaps,  in  applying  the  exact  formulas  of  Mr.  Marstou. 
In  all  cases,  the  details  of  a  built-up  column  must  be  designed  care- 
fully, for  the  details,  rather  than  the  length,  are  frequently  the  main 
factor  in  determining  the  strength  of  a  column. 
Mr.  WorcisK-r.  J-  R-  WoKCESTER,  M.  Am.  Soc.  C.  E.  (by  letter). — The  discussion 
indicates  a  tendency  on  the  part  of  the  Profession  to  reduce  the  allow- 
able compressive  unit  in  columns,  but  there  does  not  seem  to  be  any 
unanimity  as  to  the  exact  formula  which  should  be  adopted.  The 
diagram.  Fig.  24,  includes,  in  full  lines,  all  the  definite  curves  pro- 
posed by  those  who  have  discussed  the  paper,  and,  in  dotted  lines,  by 
way  of  comparison,  the  line  adopted  in  the  American   Railway  En- 
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gineering  and  Maintenance-of-Way  Specification,  together  with  that  Mr.  Worcester, 
of  the  writer  and  the  cut-off  limit  formerly  advocated  by  Mr.  Schneider. 
In  plotting  these,  the  writer  has  followed  his  interpretation  of  the 
discussion  of  Mr.  Seaman  as  to  the  cut-off  at  the  short  end,  and  has 

assumed  that  neither  Mr.  Seaman  nor  Mr.  Horton  would  carry  the   . 

above  200.  He  would  have  been  glad  to  have  added  Mr.  Carpenter's, 
Mr.  Jonson's  and  Professor  Cain's  curves,  if  they  had  given  numerical 
values  for  the  recommended  units. 
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Fig.  24. 

A  study  of  this  grouping  shows  a  remarkable  agreement  of  opinion 

in  the  vicinity  of    ;  =  80,  but  the  divergence  of  opinion  between 

=  100  and  200  is  deplorable.     There  is  abundant  evidence  that  columns 

have  served  their  purpose  with  values  of      up  to,  and  even  exceeding, 

200,  but,  for  bridge  structures,  such  slender  members  should  be  ex- 
cluded. The  writer  does  not  believe  that  any  of  the  advocates  of  the 
Rankine  or  Euler  formulas  would  design  bridges  with  the  struts  allowed 
by  their  specifications,  and  it  does  not  seem  to  be  scientific  to  make  a 
specification  which  has  to  be  used  with  reservations.  While  the  theory 
of  the  ideal  column  is  interesting,  in  the  same  way  that  astronomy  is 
interesting  to  the  mathematical  mind,  it  has  little  bearing  on  practical 
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Mr.  Worcester,  designing  when  it  is  known  that  "the  ideal  column  does  not  exist." 
In  view  of  the  deductions  of  Messrs.  Prichard,  Jonson  and  Cain,  the 
writer  hopes  to  see  the  Eankine  form  of  curve  eventually  dropped,  and 
one  adopted  which  will  be  always  concave  toward  the  origin;  whether 
it  is  circular,  elliptical  or  parabolic  is  a  minor  consideration,  as  either 
one  is  preferable  to  a  straight  line  or  a  Rankine  or  Euler  shape. 

The  necessity  of  truncation  at  the  short  end  seems  to  be  generally 
admitted,  and  the  exact  unit  at  which  this  should  occur  seems  to  be 
conceded  to  be  between  10  000  and  14  000  lb.  The  writer  is  well  satis- 
fied with  his  position  in  the  middle  between  these  limits. 

Replying  to  the  suggestions  of  Mr.  Shearwood,  Mr.  Horton  and 
others,  that  a  proper  consideration  of  the  make-up  and  details  of  the 
column  is  necessary  in  connection  with  the  allowable  unit  stress,  the 
writer  finds  it  difiicult  to  see  how  any  characteristic  of  the  section,  other 
than  the  radius  of  gyration,  can  be  introduced,  and,  of  course,  it  is 
apparent  that  this  radius  of  gyration  does  not  cover  all  the  conditions 
of  make-up.  Is  it  not  more  rational,  however,  to  specify  that  the  de- 
tails and  distribution  of  metal  shall  be  such  that  failure  under  test 
should  occur  by  yielding  of  the  column  as  a  whole,  and  not  by 
"wrinkling"  or  failure  of  component  parts  ? 
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KECENT   DEVELOPMENTS  IN  PNEUMATIC 
FOUNDATIONS  FOR  BUILDINGS.* 

By  D.  a.  Usixa,  Assoc.  Am.  Soc.  C.  E. 


With  Discussion  bv  Messrs.  F.  W.  Skinner,  T.  Kennard  Thomson, 
Louis  L.  Brown,  J.  C.  Meem,  and  D.  A.  Usina. 


The  purpose  of  this  paper  is  to  review  briefly  the  recent  and  very 
interesting  development  in  foundations  of  the  class  generally  used  for 
the  high  buildings  being  erected  in  the  lower  section  of  New  York  City. 
The  earth  there  overlies  a  stratum  of  rock,  the  depth  of  which  varies 
from  40  to  100  ft.,  and  the  enormous  loads  are  carried  most  securely 
by  concrete  piers  built  with  pneumatic  caissons,  and  resting  directly 
on  the  substratum  of  rock. 

Prior  State  of  the  Art. — Prior  to  the  present  Improvements,  the 
conventional  type  of  construction  was  as  illustrated  in  Figs.  1  and  2. 
The  working  chamber  was  built  with  sides  and  roof  of  heavy  timber 
or  of  sheet  steel  with  stifleners  at  suitable  intervals.  The  coffer-dam 
was  built  up  in  successive  sections  (also  of  timber  or  stiffened  steel), 
the  horizontal  joints  being  made  by  angles  on  the  inside,  and  the  walls 
being  braced  by  transverse  struts,  where  the  shape  and  size  demanded 
it.  The  shaft  was  of  steel  tubing  fastened  to  the  roof  and  at  the  sev- 
eral horizontal  joints  by  outside  angles. 

*  Presented  at  the  meeting  of  April  15th,  1908. 
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As  the  structure  was  sunk,  to  bring  the  upper  edge  of  each  section 
of  the  coffer-dam  near  the  ground  level,  a  new  section  of  coffer-dam 
and  a  new  section  of  shafting  were  added,  and  the  space  between  the 
coffer-dam  and  the  shafting  was  filled  with  concrete.  When  bed-rock 
was  reached,  the  working  chamber  and  the  shaft  were  also  filled  with 
concrete.  The  finished  pier  consisted  of  two  entirely  separate  bodies 
of  concrete — an  inverted  T-shaped  portion  bounded  by  the  shafting 
and  the  roof  and  walls  of  the  working  chamber,  and  a  ring-shaped  por- 
tion surrounding  the  shaft  and  enclosed  within  the  coffer-dam. 

The  surrounding  shell,  consisting  of  the  coffer-dam  and  the  sides 
of  the  working  chamber,  whether  of  timber  or  of  steel,  could  only  be 
considered  a  mould  for  the  concrete  and  a  curb  or  lining  for  holding 
back  the  earth  during  the  sinking  of  the  caisson.  It  could  not  be  cal- 
culated as  supporting  any  weight,  but,  on  the  contrary,  was  certain  to 
rot  or  corrode  in  time,  and  leave  a  more  or  less  free  space  around  the 
pier.  The  shafting,  and  especially  the  roof,  where  the  latter  was  of 
metal  and  was  left  in  place,  presented  very  serious  possibilities.  Their 
protection  from  corrosion  depended  on  the  care  with  which  the  con- 
crete was  rammed  into  contact  with  them.  If  either  corroded  to  a  sub- 
stantial extent,  it  would  produce  a  very  large  surface  of  weakness. 
The  permanence  of  these  important  elements  of  the  structure,  there- 
fore, depended  on  the  care  of  workmen,  who  are  not  to  be  relied  on  for 
more  care  than  is  necessary  at  the  moment.  Furthermore,  the  angles 
at  the  several  horizontal  joints  formed  grooves  in  the  concrete  from 
3  to  6  in.  deep.  Only  under  unusually  favorable  conditions  could  the 
shafting  angles  be  calculated  to  act  as  supporting  a  share  of  the  load 
in  the  ratio  of  their  horizontal  area  to  that  of  the  complete  cross- 
section  of  the  pier;  but  the  angles  at  the  joints  of  the  coffer-dam 
would  not  transmit  any  substantial  pressure  to  the  concrete  below 
them,  because  the  concrete  would  never  be  rammed  under  them  suffi- 
ciently. The  only  transmission  of  pressure  would  be  to  the  decaying 
or  corroding  walls,  and  the  angles  themselves  would  corrode  in  time. 
The  greatest  area  upon  which  the  bearing  strain  could  be  calculated 
correctly,  therefore,  was  that  within  the  inner  edge  of  the  angle-irons 
(X,  Fig.  2),  rather  than  that  within  the  inner  face  of  the  coffer-dam 
(F,  Fig.  2).  As  a  matter  of  fact,  the  latter  standard  was  generally 
used,  but  the  error  was  swallowed  in  the  large  factor  of  safety  made 
necessary  by  the  uncertainties  of  the  problem. 
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Furthermore,  the  useless,  and  to  some  extent  harmful,  materials 
left  in  the  ground,  were  very  expensive  parts  of  the  structure. 

There  were  thus  two  powerful  incentives  for  the  elimination  of 
these  materials  from  the  finished  structure,  either  by  sinking  the  pier 
without  them,  or  by  withdrawing  them  after  use.  Nevertheless,  there 
was  a  period  of  many  years  during  which  little  or  nothing  was  accom- 
plished. 

The  recent  activity  in  high  building  construction  in  New  York 
City,  however,  making  necessary  a  very  extensive  use  of  caissons  of 
this  type,  has  witnessed  the  substantial  elimination  of  every  material 
but  concrete.  The  sinking  of  the  coffer-dam  and  of  a  metal  or  timber 
roof  for  the  working  chamber,  has  been  rendered  unnecessary,  and  the 
steel  shafting  has  been  designed  to  permit  its  ready  removal  after  it 
has  served  its  purpose  in  the  sinking  of  the  caisson.  These  improve- 
ments have  been  put  into  practice  in  the  foundations  of  the  building 
for  the  United  States  Express  Company,  at  the  corner  of  Eector  Street 
and  Trinity  Place;  the  New  Trinity  Building;  the  building  for  the 
United  States  Realty  Company,  at  Broadway  and  Thames  Street,  and 
the  Singer  Building,  on  Broadway  near  Liberty  Street. 

Elimination  of  the  Roof. — The  most  serious  objection  to  caissons 
of  the  style  described  has  been  the  existence  of  the  roof,  constituting 
a  dividing  plane  across  almost  the  entire  cross-section.  The  objection 
to  such  a  dividing  plane  was  appreciated  from  the  earliest  use  of 
pneumatic  caissons.  The  late  Theophilus  E.  Sickles,  M.  Am.  Soc.  C. 
E.,  in  1870,  and  John  F.  O'Eourke,  M.  Am.  Soc.  C.  E.,  in  1898,  pro- 
posed the  removal  of  the  roof  after  the  sinking  of  the  caisson  and  be- 
fore the  introduction  of  the  concrete  above  the  working  chamber. 

The  Sickles  caisson  is  shown  in  Figs.  3  and  4.  The  roof  consisted 
of  four  segmental  plates  bolted  to  the  under  side  of  internal  flanges 
of  the  casing  and  attached  to  each  other  by  bolts  passing  through 
radial  flanges  on  the  under  side.  After  sinking  to  the  required  depth, 
and  sealing  the  cutting  edge  with  a  sufficient  filling  of  concrete  to  pre- 
vent the  entrance  of  water,  the  air  was  cut  off  and  the  roof  removed 
by  withdrawing  the  bolts  passing  through  the  several  flanges.  The 
caisson  of  the  type  shown  had  a  high  roof  and  no  separate  air-shaft 
supported  upon  the  roof,  as  in  the  modern  type,  the  coffer-dam  or  outer 
shell  being  made  air-tight  throughout  its  height.  For  a  caisson  of  this 
type,  the  design  of  the  roof  was  probably  entirely  satisfactory. 
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The  O'Rourke  caisson,  Figs.  5  and  6,  utilized  a  similar  roof  in 
half-round  sections,  but  the  roof  was  bolted  on  the  top  of  the  inward 
flange  of  the  casing,  and  the  flanges  connecting  the  segments  to  each 
other  were  at  the  top.  This  would  permit  the  filling  of  the  working 
chamber  with  concrete  clear  up  to  the  roof  before  removing  the  latter. 
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The  chief  defect  of  these  methods,  however,  appears  in  cases  where, 
in  order  to  get  the  requisite  weight,  the  concrete  is  filled  into  the  space 
above  the  roof  during  the  sinking  operation,  as  is  usual  in  sinking 
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through  earth  for  building  foundations.  In  such  operations  it  has 
been  impossible  to  eliminate  the  roof  of  the  working  chamber  until 
the  introduction  of  a  recent  improvement  which,  at  the  same  stroke, 
eliminated  the  coffer-dam  which  had  previously  passed  for  a  necessary 
evil  in  sinking  caissons  in  earth.  The  feasibility  of  the  improvement 
was  first  demonstrated  by  sinking  all  the  caissons  for  the  building  for 
the  United  States  Express  Company  by  this  method,  and  at  a  sub- 
stantial reduction  in  cost. 

Elimination  of  the  Coffer-dam. — There  had  been  previously  sug- 
gested, in  1904,  the  elimination  of  the  coffer-dam  and  roof  by  sinking 
practically  a  solid  pier  of  concrete,  with  only  a  central  air-shaft  and 
a  working  chamber  hollowed  out  of  the  bottom.  Fig.  7  gives  a  suffi- 
cient idea  of  the  construction  proposed.  There  was  no  distinction  be- 
tween different  parts  of  the  structure,  except  in  so  far  as  the  lower 
portion  of  the  concrete  might  be  considered  as  the  roof  and  side  walls 
of  the  working  chamber,  and  the  concrete  above  this  might  be  con- 
sidered as  the  coffer-dam  extending  solidly  from  the  surrounding 
earth  to  the  shaft.  It  was  proposed  to  build  the  whole  of  annular 
blocks  of  concrete  laid  one  above  another,  or  to  form  substantially  a 
monolith  by  building  up  the  structure  in  situ  as  fast  as  it  was  sunk. 
The  difficulties  in  the  way  of  moulding  the  concrete  working  chamber 
with  suitably  strong  roof  and  sides  and  hardening  it  sufficiently  in  the 
short  time  available  at  the  works  then  in  hand  prevented  the  utiliza- 
tion of  this  design,  and,  instead,  the  contractors  adopted  the  design 
shown  in  Figs.  8,  9,  and  10. 

The  working  chamber  was  built  of  heavy  timber,  and  across  the 
top  were  laid  angle-irons,  a  few  inches  below  which  was  fastened  a 
temporary  flooring.  The  steel  shafting  was  supported  on  this  flooring, 
and  a  roof  of  concrete  was  moulded  thereon  to  a  substantial  height, 
and  of  the  same  outside  dimensions  as  the  working  chamber.  The 
earth  being  excavated,  and  the  chamber  sunk  to  a  sufficient  depth, 
another  section  of  concrete  was  added.  The  shafting  was  built  up 
from  time  to  time  to  maintain  it  above  the  concrete.  After  the  first 
section  of  concrete  was  finished,  the  successive  sections  were  moulded 
in  place  without  interruption  of  the  sinking  operations;  the  excava- 
tion and  the  building  up  proceeding  of  course  at  the  same  ultimate 
rate,  but  quite  independently  of  each  other,  and  the  coffer-dam,  reduced 
to  merely  a  mould  for  the  concrete,  being  removed  before  the  sinking 
of  each  concrete  section. 
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In  a  previous  design,  it  had  been  proposed  to  divide  each  section 
of  the  coffer-dam  into  flat  units  which  might  be  readily  transported 
and  only  united  to  each  other  when  in  place  on  the  next  lower  section, 
this  method  having  the  further  advantage  of  avoiding  the  necessity  of 
breaking  the  air-pipes  (see  Fig.  1),  which  had  been  a  cause  of  delay 
with  the  use  of  sections  which  were  completed  before  being  put  in 
place;  and  such  flat  units  were  now  found  to  be  excellent  moulding 
plates,  only  four  being  needed  for  each  section  of  concrete,  and  ex- 
cessive lengths  being  unobjectionable,  because  one  might  overlap  the 
next  at  the  corner. 

The  temporary  flooring  carried  the  concrete  roof  until  the  latter 
was  hardened,  and  was  removed  before  putting  on  the  air  pressure  and 
the  necessary  lock.  The  angle  cross-bars  remained  embedded  in  the 
concrete,  transmitting  its  weight  to  the  timber  walls,  although  they 
were  not  necessary  for  the  purpose  after  the  concrete  had  hardened; 
and,  in  fact,  after  reaching  a  comparatively  slight  depth,  the  weight 
of  the  concrete  was  sustained  by  the  skin  friction  and  the  air  pres- 
sure, and  added  weights  were  necessary  to  force  the  caisson  down. 
The  cross-bars  might  have  been  designed  and  connected  so  as  to  per- 
mit their  removal  after  the  hardening  of  the  concrete,  if  such  removal 
had  been  thought  of  importance. 

Only  one  accident  occurred,  and  this  demonstrated  the  advisability 
of  using  timber  rather  than  concrete  for  the  walls  of  the  working 
chamber.  The  earth  under  one  wall  of  the  working  chamber  had  been 
excavated  previously  to  remove  the  footing  of  an  old  wall.  When  the 
first  section  of  concrete  had  been  moulded  on  this  working  chamber  and 
the  mould  had  been  removed  preparatory  to  sinking  the  concrete  sec- 
tion, the  old  material  replaced  in  the  excavation  allowed  one  side  to 
settle  so  as  to  tilt  the  structure,  and,  before  it  could  be  righted,  it  fell 
over.  The  concrete  was  tied  to  the  working  chamber  only  by  the  cross- 
ing angles  embedded  in  the  base  of  the  concrete,  and  swung  bodily 
about  the  upper  edge  of  a  side  wall  of  the  working  chamber,  thus  for 
a  time  putting  its  entire  weight  on  this  single  wall.  But  the  chamber 
was  built  so  strongly  that  it  was  substantially  uninjured,  and  the 
workmen  in  it  at  the  time  were  unscathed.  The  accident,  while  in- 
dicating the  necessity  for  greater  precaution  in  building  and  sinking 
the  first  concrete  section,  demonstrated  the  practical  excellence  of  the 
design. 
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When  such  a  caisson  was  sunk  to  its  final  depth,  there  was  no  metal 
or  timber  roof  to  be  removed.  The  cost  of  making  first  a  sectional 
bolted  roof,  like  that  of  Sickles  or  O'Rourke,  and  subsequently  remov- 
ing it,  was  saved;  and,  which  is  probably  more  important,  the  intro- 
duction of  concrete  above  the  working  chamber  did  not  have  to  await 
the  sinking  of  the  caisson.  Its  weight  could  be  utilized  in  the  sink- 
ing of  the  structure,  and  this  weight,  in  caissons  passing  for  a  great 
depth  through  earth,  is  a  very  substantial  consideration.  It  consti- 
tuted probably  the  greatest  of  the  series  of  advance  steps  under  dis- 
cussion. 

Elimination  of  Shaft  Lining. — The  finished  pier  included,  besides 
the  concrete  body,  the  cross-bars,  which  are  a  negligible  consideration, 
being  entirely  embedded  so  as  to  prevent  corrosion,  and  being  of  such 
slight  cross-section  as  not  to  form  cleavage  planes  in  the  concrete; 
and  the  steel  shaft  lining,  which,  at  the  very  best,  added  not  a  pound 
to  the  load  for  which  the  pier  might  be  safely  designed,  and,  at  the 
worst,  might  prove  an  element  of  weakness,  and  was  certainly  an  ele- 
ment of  substantial  expense. 

The  progress  of  improvement  in  eliminating  the  shaft  lining  was 
the  reverse  of  that  in  eliminating  the  roof.  In  the  latter  case,  the 
idea  was  first  advanced  of  making  the  roof  removable  after  the  caisson 
had  been  sunk ;  and  the  successful  solution  of  the  problem  lay  in  avoid- 
ing the  building  of  a  true  roof.  In  the  case  of  the  shaft  lining,  the  first 
proposals  endeavored  to  avoid  its  use  entirely,  but  practical  success 
came  only  with  the  idea  of  sinking  the  caisson  with  a  shaft  lining 
similar  to  those  previously  used,  and  removing  the  lining  after  sink- 
ing and  before  introducing  the  filling  of  concrete. 

The  first  idea  is  shown  in  Fig.  11.  A  shaft  lining  of  moulded  con- 
crete is  shown.  To  avoid  excessive  loss  by  leakage  of  air  through  the 
concrete,  it  was  proposed  to  coat  the  inner  surface  of  the  shaft  lining 
with  air-tight  material,  such  as  a  paint  containing  lime.  The  difficulty 
of  connecting  the  shaft  lining  to  the  air-lock  with  sufficient  strength  to 
resist  the  upward  air  pressure  on  the  latter  was  to  be  obviated  by  long 
tie-rods  extending  from  the  lock  to  the  lowest  section  of  the  shaft 
lining,  as  indicated  in  dotted  lines.  It  was  also  proposed  in  this  de- 
sign to  eliminate  the  lining  entirely,  merely  coring  the  concrete  body 
and  coating  the  surface  with  paint,  as  above,  the  manner  of  fastening 
the  air-lock  not  being  specified. 


218  PNEUMATIC  FOUNDATIONS  FOR  BUILDINGS 

The  first  successful  attempt  to  eliminate  the  shaft  lining,  however, 
involved  the  use  of  a  removable  lining,  which,  while  costing  more  than 
those  of  common  design,  is  usable  again  and  again  indefinitely,  and, 
"in  the  long  run,  effects  a  great  economy.  The  design  used  in  sinking 
the  caissons  of  the  new  Trinity  addition,  and  the  adjoining  building 
of  the  United  States  Eealty  Company,  is  shown  in  Figs.  12,  13,  14, 
and  15.  It  was  found  that  a  comparatively  small  number  of  sections 
served  for  the  sinking  of  many  piers.  There  was  no  material  loss  of 
time  involved  in  removing  the  sections  and  reassembling  them  for  fur- 
ther use.  In  fact,  the  job  was  completed  in  much  less  than  the  previous 
record  time  for  such  work. 

Figs.  12  and  13  show  the  shaft  lining  in  place;  Figs.  14  and  15 
show  the  construction  of  one  of  the  collapsible  sections.  Each  section 
was  composed  of  two  approximately  semicircular  plates  internally 
flanged  for  bolting  to  each  other  along  one  vertical  edge,  and  a  key 
interposed  between  the  opposite  edges  of  the  plates.  Internal  flanges 
at  the  ends  served  for  bolting  successive  sections  to  each  other.  Ladder 
rungs  were  arranged  conveniently  between  the  flanges  of  the  key,  and 
vertical  guides  were  arranged  just  inside  the  line  of  the  end  flanges  to 
guide  the  bucket  past  them.  In  some  cases  the  tubing  was  made  oblong 
in  cross-section  instead  of  circular.  Packing  was  provided  in  all  the 
joints,  and  this  was  the  only  part  of  the  structure  requiring  renewal, 
it  being  cheaper  to  provide  new  packing  for  each  re-use  than  to  try  to 
save  the  old. 

Fig.  16  shows  the  finished  pier,  supposing  the  working  chamber  to 
be  built  of  sheet  steel.  The  dotted  line  indicates  the  joint  between 
the  concrete  set  up  in  sinking  the  pier  and  the  filling  introduced  after- 
ward. 

Comparison  with  Concrete  Piles. — Side  by  side  with  the  progress 
in  caisson  work,  recent  years  have  seen  a  rapid  improvement  in  the 
sinking  or  building  of  concrete  piles  in  the  earth.  The  first  attempts 
to  substitute  concrete  for  timber  or  steel  in  piles  contemplated  the 
manufacture  of  the  concrete  piles  above  ground  and  the  sinking  of 
them  by  one  or  another  of  the  methods  used  for  timber  or  steel  piles. 
But,  at  present,  there  are  in  the  market  several  styles  of  concrete  piles 
made  by  first  forming  the  excavation  and  subsequently  filling  in  the 
concrete.  These  methods  permit  the  formation  of  piles  of  great  depth 
and  of  theoretically  unlimited  diameter.     Starting  from  widely-sepa- 
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rated  points,  the  two  arts,  caisson  work  and  pile  work,  have  constantly 
converged  toward  the  same  goal,  a  simple  concrete  column,  bearing 
upon  a  rock  or  similar  sub-foundation  in  the  case  of  caissons  and  some 
piles,  and  supported  by  skin  friction  in  the  case  of  other  piles. 

The  analogy  has  been  carried  even  further  by  more  recent  improve- 
ments in  which  vertical  reinforcing  rods  of  steel,  similar  to  those 
sometimes  used  in  concrete  piles,  are  embedded  in  the  concrete  of  the 
pier.  The  base  of  such  a  pier  is  shown  in  vertical  section  in  Fig.  17, 
and  Fig.  18  shows  a  concrete  pile  similarly  reinforced.  The  reinforcing 
rods  in  the  pier  should  extend  down  to  the  rock  sub-foundation,  and 
are  most  easily  introduced  in  that  method  of  construction  in  which  the 
roof  of  the  working  chamber  is  omitted,  turn-buckles  being  introduced 
for  putting  the  rods  under  stress  before  embedding  them  in  concrete. 
The  non-adjustable  flange  joints  may  be  used  for  the  rods  which  run 
through  the  shaft,  and  substantially  the  entire  length  of  which  may 
bear  freely  on  the  sub-foundation  before  the  concrete  is  filled  in  about 
them. 

Most  Recent  Modifications. — The  steel  rods  in  the  foregoing  de- 
signs merely  reinforce  the  concrete.  Should  the  concrete  fail,  or  be 
designed  or  built  so  as  to  shift  a  substantial  portion  of  the  load  to  the 
rods,  the  latter  would  be  unable  to  stand  the  strain.  A  recent  design 
includes  the  introduction  of  columns  of  sufficient  strength  to  carry  a 
substantial  load.  In  fact,  they  may  be  proportioned  to  carry  all  or 
the  greater  part  of  the  load.  Fig.  19  shows  the  caisson  sunk  to  rock, 
and  the  columns  in  place,  ready  to  be  filled  with  concrete.  The  columns 
are  of  ordinary  style,  built  up  of  Z-bars  riveted  to  a  central  plate.  One 
column  is  embedded  in  the  concrete  from  the  beginning,  and  is  wedged 
up  at  its  lower  end.  This  column  may  be  duplicated  as  often  as  de- 
sired. Another  passes  down  through  the  shaft,  and  is  properly  sup- 
ported before  its  embedment.  The  shaft  lining  may  or  may  not  be 
withdrawn,  as  desired. 

Since  it  is  possible  to  carry  concrete  piles  in  many  cases  to  a  rock 
sub-foundation,  where  they  act  as  true  columns,  the  idea  has  been  con- 
ceived of  substituting  steel,  with  its  immensely  greater  strength  as  a 
column,  and  surrounding  it  with  concrete,  which  stiffens  the  column 
to  some  extent,  but  which  performs  the  principal  function  of  protect- 
ing the  steel  from  corrosion.  The  finished  pile  or  column  is  indicated 
in  Figs.  20  and  21.     The  column  is  hollow,  which  serves  to  carry  a 
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water-jet  for  sinking  the  column  itself,  and  has  a  surrounding  shell, 
which  is  afterward  filled  with  concrete  around  and  within  the  center 
of  the  column.  The  shell  may  be  withdrawn  as  the  concrete  is  intro- 
duced. The  column  may  be  shod  at  its  lower  end  so  as  to  secure  a 
good  bearing  by  ramming  it  down  on  the  rock. 

Invention  is  largely  accidental,  and  its  progress  is  apt  to  be  most 
erratic.  The  writer  has  never  observed  a  series  of  improvements  pro- 
gressing more  logically  and  consistently  in  the  same  direction  than 
those  here  considered.  The  engineering  profession  owes  to  Daniel  E. 
M^xHn,  M.  Am.  Soc.  C.  E.,  and  John  W.  Doty,  Assoc.  M.  Am.  Soc.  C. 
E.,  who  conceived  these  improvements,  and  to  the  Foundation  Com- 
pany, by  whom  they  were  put  into  practice,  a  very  large  debt  for  the 
originality  and  progressive  spirit  with  which  they  have  met  the  de- 
mands of  modern  builders  for  economical  methods  of  providing  founda- 
tions of  maximum  bearing  strength. 
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Mr.  Skinner.  F.  W.  Skinner,  M.  Am,  Soc.  C.  E. — Mr.  Usina  has  presented  in  a 
.  very  interesting  manner  the  recent  developments  of  pneumatic-caisson 
work.  The  speaker  agrees  with  the  author  in  his  description  of  some 
of  the  latest  and  most  important  developments;  but  as  the  first  appli- 
cation of  pneumatic-caisson  work  to  foundations  for  buildings  is 
scarcely  more  than  fifteen  years  old,  and  as  its  development  has  in- 
cluded many  changes  from  the  original  caissons,  which  were  operated 
without  essential  deviation  from  the  methods  used  in  constructing 
submerged  foundations  for  bridge  piers,  it  may  be  excusable  to  call 
attention  to  a  few  other  matters  which  seem  to  be  important  links  in 
the  chain  of  development,  from  the  Manhattan  Building  to  the  United 
States  Express  Building,  the  City  Investing  Building,  the  Singer 
Building,  and  the  Hudson  Building,  recently  completed,  all  in  New 
York  City.  There  are  only  two  or  three  instances  where  pneumatic 
caissons  for  buildings  have  been  used  outside  of  New  York  City. 

The  first  pneumatic-caisson  foundations  for  buildings — those  sunk 
in  1893  for  the  Manhattan  Building — were  simply  riveted-steel  caissons, 
assembled  partially  at  the  site  and  sunk  by  the  usual  process.  They 
were  costly,  and  open  to  some  objections  from  structural  considerations. 
They  were  made  excessively  heavy,  in  order  to  carry  the  entire  weight 
of  the  massive  pier  and  its  load,  sustained,  in  the  first  place,  by  very 
heavy  and  deep  transverse  girders  reinforced  by  knee-braces  to  the 
cutting  edge,  making  a  costly  and  complicated  construction.  Since 
that  time  this  type  has  been  entirely  eliminated,  an  advantage  largely 
due  to  the  improvements  described  by  the  author. 

One  of  the  first  important  changes  was  the  substitution  of  wooden 
walls  and  a  wooden  deck  for  steel  in  rectangular  caissons,  thus  effect- 
ing a  reduction  in  the  cost  and  a  greater  reduction  in  the  time.  The 
rectangular  caissons  were  built  of  solid  courses  of  timber,  sheeted  and 
caulked  inside  and  outside,  and  with  crossed  courses  of  timber,  sheeted 
and  caulked  inside,  for  the  deck. 

The  next  considerable  stride  was  made  by  the  substitution  of 
cylindrical  caissons  with  wooden  staves  for  rectangular  ones.  These 
were  more  easily  made,  handled,  and  sunk,  and  were  more  economical. 
John  F,  O'Rourke,  M.  Am.  Soc.  C.  E.,  who  has  built  a  large  number 
of  diflBcult  and  important  pneumatic-caisson  foundations,  is  to  be 
credited  with  that  improvement.  His  courage,  resourcefulness,  and 
indomitable  energy  have  been  important  elements  in  this  field.  To 
him  is  also  due  the  credit  for  a  simple  method  of  controlling  the  escape 
of  air  from  caissons.  In  sinking  a  caisson,  it  is  often  difficult  to  lower 
it  after  the  cutting  edge  has  been  undermined  a  considerable  distance. 
The  side  friction  is  sometimes  so  great  that  the  weight  in  and  on  the 
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coffer-dam  is  inadequate  to  lower  it,  and  the  air  pressure  has  to  be  Mr.  Skinner, 
diminished  by  letting  it  "blow  out,"  as  it  is  technically  called.  A 
blow-out  is  likely  to  be  quite  a  critical  operation,  especially  if  the  ad- 
joining buildings  are  on  quicksand.  Thus  the  foundations  might  be 
jeopardized  if  material  entered  under  the  cutting  edge  in  large  quan- 
tities. Mr.  O'Eourke  simply  bevelled  the  cutting  edge,  thus  providing 
a  high  point  which  located  the  blow-out,  and  that  was  arranged  to  be 
on  the  safe  side  of  the  caisson. 

Still  more  important,  however,  and  perhaps  of  greater  value  than 
any  other  single  feature  of  the  development  of  caissons,  has  been  the 
improvement  made  by  D.  E.  Moran,  M.  Am.  Soc.  C.  E.,  in  the  air- 
lock for  the  passage  of  materials.  The  man-lock  has  been  practically 
unchanged,  but,  originally,  the  air-lock,  through  which  materials  were 
removed  from  and  introduced  into  the  caisson,  was  like  the  man-lock, 
and  it  was  necessary,  in  removing  a  bucket  of  spoil  or  introducing  a 
bucket  of  concrete,  to  detach  it  from  the  hoisting  tackle  and  handle  it 
by  separate  apparatus  inside  the  lock.  That  is  wholly  unnecessary 
now,  but  it  was  formerly  impossible  to  keep  the  bucket  in  uninter- 
rupted connection  with  the  derrick. 

After  considerable  experience  with  caissons,  the  upper  door  of  the 
air-lock  was  made  in  two  leaves,  fitted  on  the  joint  line,  with  a  de- 
tachable stuffing-box  engaging  the  hoist  line.  The  upper  door  can 
now  be  opened  or  closed  regardless  of  the  position  of  the  line,  which 
passes  freely  through  it  and  need  never  be  detached  from  the  bucket. 
The  stuffing-box  permits  the  bucket  to  be  handled  almost  as  rapidly 
and  as  easily  as  in  an  open  caisson,  and  with  very  small  loss  of  air, 
and  probably  increases  the  rapidity  of  removing  and  entering  material 
more  than  100  per  cent.  Buckets  can  now  make  a  round  trip  in  and 
out  of  the  caisson  in  less  than  1  min.,  and  previous  to  this  improve- 
ment 2  or  3  min.  were  often  required. 

Another  method  of  maintaining  the  attachment  of  the  bucket  to 
the  hoisting  line  while  passing  through  the  air-lock  was  devised  by 
Mr.  O'Rourke,  in  the  work  for  the  Commercial  Building.  He  made 
the  top  door  of  the  air-lock  detachable,  and  connected  the  stuffing-box 
permanently  to  it. 

Another  important  development  is  the  special  arrangement  by 
which  the  exterior  caissons  supporting  the  wall  columns  of  several  of 
the  largest  and  most  important  buildings  in  New  York  City  have  been 
made  to  form  a  continuous  water-tight  wall,  or,  as  it  was  termed  in 
one  of  the  first  applications,  a  sort  of  dam  enclosing  on  some  or  all 
sides  the  whole  site  of  the  building,  and  thus,  theoretically  and  some- 
times actually,  avoiding  the  necessity  of  using  pneumatic  caissons 
for  the  interior  piers.  Having  enclosed  the  building,  a  flow  of  quick- 
sand from  beneath  adjoining  buildings  is  prevented,  thus  allowing 
interior  piers  to  be  built  in  open  excavations  or  coffer-dams. 
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Mr.  Skinner.  Considerable  difficulty  is  found  in  making  this  construction,  be- 
cause there  is  a  limit  to  the  size  of  caissons  which  can  well  be  sunk, 
and  a  length  of  about  30  ft.  is  a  maximum  for  wall  caissons  supporting 
two  columns  or,  possibly,  three.  In  a  building  100  ft.  or  more  in  length 
it  takes  several  such  caissons  for  the  walls.  Some  clearance  must  be 
left  between  their  ends,  and  that  clearance  may  be  from  4  in.  to  12  or 
even  18  in.,  and  its  closure,  and  the  permanent  exclusion  of  ground- 
water and  quicksand,  in  cases  where  the  sand  is  very  lively  and  the 
pressure  is  heavy,  is  a  difficult  problem,  and  has  been  met  in  several 
ways. 

In  the  Commercial  Cable  Building,  rectangular  steel  wall  caissons 
were  sunk  a  few  inches  apart.  Pipes  were  jetted  down  between  the 
adjoining  ends,  and  after  they  reached  the  hardpan,  50  or  60  ft.  below 
the  surface  of  the  street,  they  were  fiUed  with  clay  cartridges  rammed 
by  a  piston  or  plunger  operated  by  a  pile-driver.  The  pipes  were 
gradually  raised,  distributing  the  clay  vertically,  and  such  great  pres- 
sure was  developed  by  the  ramming  that  it  sheared  the  steel  plates  of 
the  caisson  itself,  and  very  effectively  excluded  the  water  until  the 
brick  lining  was  built  in  the  excavation. 

This  method  was  not  in  all  respects  satisfactory,  and,  not  long 
after,  Mr.  O'Rourke  devised  a  method  of  making  a  continuous  con- 
crete bond  between  adjoining  caissons  of  the  Stock  Exchange  and  other 
buildings.  As  the  caissons  were  sunk,  semicircular  recesses  or  wells 
were  formed  in  the  adjoining  ends  of  both  caissons  and  coffer-dams. 

After  the  caissons  were  sunk  and  concreted,  men  entered  and  bolted 
the  adjoining  outer  wooden  walls  together,  removed  the  center  part, 
between  the  bolts,  and  caulked  the  cut  edges.  The  two  wells  were 
thus  combined  in  a  single  one  with  a  4  by  5-ft.  cross-section  and  an 
outline  like  that  of  a  button-head  rivet,  which  was  filled  with  concrete, 
thus  making  a  key  and  a  bond  between  the  caissons. 

Later,  various  ingenious  methods  were  used  in  bonding  wall 
caissons  together.  In  the  Bank  of  the  State  of  New  York  the  wooden 
caissons  were  sunk  about  8  in.  apart,  and  one  caisson  was  provided 
with  a  pair  of  2-in.  vertical  timbers,  12  in.  apart,  recessed  3  in.  into 
its  thickened  wall.  These  vertical  ribs,  which  projected  at  first  only 
very  little  beyond  the  face  of  the  caisson,  were  equipped  with  1-in. 
stud-bolts  or  set-screws  projecting  through  the  wall  of  the  caisson 
and  bearing  against  heavy  steel  yoke  pieces  secured  by  bolts  to  the 
wall  of  the  caisson.  After  the  caisson  was  sunk,  the  nuts  on  all  the 
screws  were  operated  to  force  the  ribs  out  through  the  quicksand  until 
their  sharp  cutting  edges  penetrated  the  wooden  face  of  the  adjoining 
caisson,  and  made  a  fairly  tight  and  satisfactory  joint,  excluding  the 
quicksand  from  the  interior  of  the  excavation. 

Another  method  of  connecting  adjoining  caissons  was  made  some- 
what more  simply  for  the  building  at  42  Broadway,  where  the  first 
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caisson  was  sunk  with  a  couple  of  vertical  6  by  8-in.  guide-timbers  Mr.  Skinner, 
bolted  to  the  end  wall,  the  second  caisson  being  located  very  close  to 
these  guide-timbers  and  provided  with  interlocking  guide-timbers.  To- 
gether, they  formed  a  sort  of  tongued-and-grooved  joint,  effectually 
closing  the  space,  and  leaving  a  small  core  through  which  a  pipe  was 
jetted  down,  thus  serving  to  scour  out  the  sand  down  to  rock  and 
leave  a  space  for  the  introduction  of  grout. 

Afterward,   still   another   method   was   devised   by   the   same   con- 
tractors.    A  special  sheet-pile  was  driven  in  the  quicksand  across  the 
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gap  on  both  sides  of  the  coffer-dams,  protecting  the  narrow  space  be- 
tween their  ends,  so  that  men  could  enter  and  excavate  down  to  the 
deck  of  the  caisson,  below  which  the  narrower  space  was  cleared  by 
post-hole  diggers  down  to  the  cutting  edge  and  the  spaces  concreted. 
In  the  building  for  the  Trust  Company  of  America  different 
methods  were  adopted  for  connecting  adjoining  wall-column  piers. 
These  piers  were  sunk  about  4J  ft.  apart  by  the  pneumatic-caisson 
process  before  it  was  decided  to  make  them  continuous.  Small  inter- 
mediate wooden  rectangular  caissons,  of  the  full  depth  of  the  piers, 
were  sunk  between  them,  and  after  they  were  landed  on  rock,  alternate 
horizontal  planks,  A^,  A^,  A^,  A^,  A^,  A^,  etc.,  in  the  sides  next  the 
large  caissons  were  successively  removed,  the  sand  scooped  out,  from 
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Mr.  Skinner,  tlie  bottom  up,  and  the  spaces  filled  solid  with  concrete,  after  which 
the  caisson  itself  was  concreted,  thus  sealing  the  space  between  the 
large  caissons  or  piers.  The  removal  of  the  side  pieces  J.^,  A^,  etc., 
was  facilitated  by  the  slots,  B,  B,  B,  etc.,  cut  half  through  them  when 
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the  caisson  was  built.     Every  other  side  piece  was  made  without  the 
slot,  and  was  left  in  position  to  tie  the  caisson  together. 

Other  pneumatic-caisson  wall-column  piers   in   the  same  building 
were  sunk  about  12  in.  apart,  with  the  intention  of  joining  them  after- 
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ward,  and,  to  provide  for  this,  semi-octagonal  recesses  42  in.  in  diam-  Mr.  skinner, 
eter  were  cored  in  the  concrete  in  the  adjoining  ends  of  the  piers  when 
the  latter  were  made,  and  were  closed  on  the  outer  faces  by  horizontal 
tongued-and-grooved  side  boards.  A,  A,  A,  making  a  well,  W,  in  each 
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end  of  the  pier.  After  the  caissons  were  sunk  and  concreted,  com- 
pleting the  piers,  the  earth  and  sand  between  them  was  excavated  to 
the  depth  of  1  ft.,  and  the  first  pair  of  boards.  A,  A,  was  taken  out, 
cut  and  nailed  on  again  in  the  position,  A^,  A^j  at  right  angles  to  their 
first   positions.      This    operation    was    repeated,    thus    completing    the 
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Mr.  Skinner,  octagonal  Well  between  the  two  piers.  Wlien  the  well  was  deep  enough, 
a  short  vertical  section  of  a  steel  air-shaft  cylinder  was  set  in  it  and 
concreted,  and  an  air-lock  was  assembled  to  it  and  pressure  put  on. 
Slots,  S,  S,  in  the  pier  concrete  were  filled  with  the  shaft  concrete, 
thus  acting  as  keys  to  prevent  the  pressure  from  blowing  out  the  shaft. 
The  men  then  entered  and  continued  the  excavation  and  removal  of 
the  boards.  A,  A.  In  this  way,  the  excavation  between  the  piers  was 
carried  to  the  bottom  and  afterward  concreted,  thus  making  a  positive 
and  efficient  bond  between  the  piers,  the  first  time  that  it  had  been 
accomplished  under  pneumatic  pressure. 

A  minor  improvement  in  pneumatic-caisson  work,  but  one  which 
contributes  materially  to  economy  and  rapidity,  is  the  substitution  of 
1  000-lb.  castings,  with  connections  for  hoisting  tackles,  for  the  small 
pieces  of  pig  iron  formerly  used  to  ballast  caissons.  An  equivalent 
device  is  a  heavy  rectangular  box  in  which  is  placed  1 000  or  2  000  lb. 
of  pig  iron,  kentledge,  or  its  equivalent.  These  boxes  are  compact, 
and  easily  handled  and  piled.  Either  form  of  ballast  can  be  much 
more  advantageously  piled  around  the  air-shaft  or  on  the  pier  than 
pig  iron,  and  can  be  handled  very  rapidly  by  a  small  hoisting  engine, 
thus  eliminating  hand  labor. 

The  reference  to  the  connection  between  concrete  piles  and  pneu- 
matic caissons,  in  the  latter  part  of  the  paper,  is  very  interesting.  The 
two  are  opposite  extremes  of  difficult  foundation  work,  but  there  is  an 
important  space  intervening  between  them.  The  usefulness  of  a  con- 
crete pile  terminates  with  the  requirements  for  bearing  strength  greater 
than  that  of  a  single  pile  of  such  dimensions  that  it  can  be  advan- 
tageously driven.  The  perfect  concrete  pile  has  not  yet  been  devised, 
and,  for  loads  of  more  than  about  20  tons,  there  are  few  examples  of 
anything  except  pneumatic  caissons  for  many  cases  of  pier  founda- 
tions in  soft  ground. 

Caissons  are  so  expensive  and  excavation  so  difficult  for  piers  from 
3  to  5  ft.  square  that  there  is  a  very  important  gap  to  be  filled  in  the 
construction  of  small  piers  having  a  capacity  greater  than  that  of  a 
single  pile  and  less  than  can  be  made  economically  with  the  pneumatic 
caisson.  The  speaker  is  not  aware  of  any  examples  of  satisfactory 
construction  for  such  cases,  but  he  knows  that  simple  designs  have 
been  made,  which  appear  to  be  entirely  practicable  and  very  economical, 
for  sinking  small  concrete  piers  3  or  4  ft.  in  diameter,  in  soft  and 
wet  ground,  without  the  necessity  of  pneumatic-caisson  or  coffer-dam 
work. 

On  general  principles,  the  reinforcement  of  either  a  pile  or  a 
pneumatic-caisson  pier  with  steel  rods  in  compression  is  to  be  avoided. 
Ordinarily,  the  pier  or  other  foundation  should  be  essentially  a 
masonry  structure;  steel  reinforcement  should  only  be  tolerated  when 
a   bending  moment  or  flexure   is   unavoidable.      For   this   reason   the 
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speaker  does  not  believe  in  the  use  of  steel  reinforcement  for  com-  Mr.  skhmer. 
pression  stresses  in  piles  or  in  piers;  he  is  aware  that  it  has  been  used, 
and,  further,  he  is  aware  that  extremely  high  values  have  been  per- 
mitted for  steel  used  in  this  way  in  compression;  but  he  has  strong 
objections  to  it. 

Although  the  speaker  wishes  to  express  the  utmost  admiration  for, 
and  satisfaction  with,  the  splendid  work  that  has  been  done  in  pneu- 
matic caissons,  yet  he  thinks  the  tendency  has  sometimes  been  to  over- 
do it.  Pneumatic-caisson  foundations  are  a  form  of  construction  es- 
sentially and  inherently  very  costly,  and,  when  not  indispensable,  very 
extravagant.  Where  equal  security  can  be  otherwise  obtained,  pneu- 
matic caissons  should  not  be  used,  although  in  many,  perhaps  in  most, 
cases  where  they  have  been  adopted  their  use  has  been  unavoidable  or 
justifiable.  In  some  cases  other  forms  of  construction  would  have 
served  equally  well,  and  would  have  avoided  excessive  expense.  The 
construction  of  the  caisson  is  costly,  and  sinking  it  is  costly.  Elaborate 
and  expensive  i^lants  have  to  be  maintained  for  it,  and  in  some  cases 
the  extreme  cost  could  be  obviated  by  the  substitution  of  piers,  sunk 
by  open  coffer-dam  work  and  by  other  methods. 

The  use  of  improved  steel  sheet-piling  will  go  a  great  way  toward 
solving  that  problem,  and  reducing  the  cost  of  many  difficult  sub- 
structures. Up  to  the  present  time,  steel  sheet-piling,  although  it  has 
been  used  in  large  quantities,  has  been  of  very  heavy  weight,  has  not 
afforded  absolutely  water-tight  joints,  has  been  subject  to  difficulty  in 
driving,  has  cost  from  75  cents  to  $1  per  square  foot  and  upward,  and, 
therefore,  has  often  been  "thrown  out  of  court,"  not  only  on  account  of 
its  excessive  first  cost,  but  on  account  of  uncertainty  in  driving. 

Eecent  improvements  in  design  and  construction  have  very  ma- 
terially reduced  the  weight  and  cost  of  steel  sheet-piling,  and  they 
insure  absolutely  water-tight  joints,  without  caulking  or  silting.  Such 
piling  can  also  be  driven  with  perfect  protection,  so  that,  no  matter 
whether  the  driving  be  hard  or  easy,  or  whether  or  not  there  are 
moderate  obstructions,  the  engagement  of  the  piles  and  their  perfect 
position  can  be  assured  when  installed  and  in  service.  The  piles,  with 
^-in.  webs,  can  bear  a  load  of  100  lb.  per  sq.  ft.  with  supports  6  ft. 
apart,  and  may  be  of  any  desired  width,  up  to  the  limits  of  ordinary 
independent  driving,  say  24  in. 

The  most  important  elements  of  cost  for  steel  sheet-piles  are  the 
joints,  the  spacing  of  which  has  heretofore  been  determined  by  the 
widths  of  standard  rolled  sections,  and  the  practicable  dimensions  for 
driving.  Both  these  considerations  have  been  eliminated  in  recent 
improvements,  by  which  steel  sheeting  can  be  installed,  before  excava- 
tion, in  units  of  any  width  desired,  thus  reducing  its  cost  almost  one- 
half,  without  materially  increasing  the  cost  of  driving,  and  by  a  method 
applicable  in  hard,  soft,  wet,  or  dry,  soils.     It  can  be  used  wherever 
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Mr.  Skinner,  it  is  possible  to  drive  any  other  kind  of  sheet -piling,  and  provides  for 
sheeting  of  any  dimensions  and  any  degree  of  strength  and  stiffness. 

The  significance  of  this  fact  is  very  important  and  far  reaching; 
it  means  that,  not  only  stiff  sheeting  can  be  installed  more  perfectly 
and  cheaply  than  before,  but  that,  where  great  permanent  strength  is 
not  required,  a  continuous  and  perfectly  water-tight  steel  surface, 
either  temporary  or  permanent,  can  be  installed,  which  has  a  minimum 
weight  and,  even  with  present  facilities  for  manufacture — which  can 
easily  be  materially  improved — will  cost  less  than  wooden  sheet-piling. 
This  piling  can  be  designed  to  have  exactly  the  strength  required, 
without  excess  of  metal.  If  very  thin  webs  suffice,  they  can  be 
strengthened  temporarily,  to  receive  the  reaction  of  braces  and  dis- 
tribute pressure,  by  a  facing  of  loose  planks  placed  as  the  excavation 
progresses,  and  afterward  removed,  thus  leaving  only  the  minimum 
structure  permanently  engaged  after  the  work  is  completed. 

There  is  another  point  which  has  not  been  fully  considered:  In 
many  cases  it  might  be  quite  advantageous  and  entirely  practicable 
to  eliminate  costly  pneumatic-caisson  work  by  enclosing  one,  two,  or 
even  three  or  four,  sides  of  the  building  site  by  a  continuous  and  per- 
fect wall  of  steel  sheet-piling.  Suppose  that  200  ft.  of  such  a  wall 
are  necessary,  and  that  it  is  required  to  be  30  ft.  deep.  It  could  be 
installed  at  a  total  cost  of  from  $4  000  to  $5  000,  exclusive  of  salvage, 
and  in  many  cases  would  not  only  protect  the  foundations  of  adjoining 
buildings  from  undermining  and  settlement — obviating  the  necessity 
for  costly  underpinning,  in  itself  much  more  expensive  than  the  total 
cost  of  the  piling — but  would  also  serve  as  a  coffer-dam,  excluding  a 
large  quantity  of  ground-water,  so  that  the  foundation  piers  could  be 
constructed  in  open  pits,  much  more  rapidly  and  cheaply  than  with 
pneumatic  caissons. 

The  pneumatic  caisson  is  one  of  the  most  indispensable  and  im- 
portant appliances  for  difficult  substructure  work;  splendid  courage, 
skill,  and  energy  have  been  shown  in  the  developments  by  which  it  has 
been  brought  to  a  high  state  of  perfection  and  simplicity,  enabling  the 
erection  of  structures  which  would  otherwise  have  been  impossible.  It 
will  continue  to  be  used  advantageously  in  an  increasing  number  of 
cases,  but  there  will  be  other  cases  where  the  great  cost  of  either  pneu- 
matic or  rigid  open  caissons  may  be  avoided,  and  perhaps  structures 
built  which  would  otherwise  have  been  considered  too  costly,  by  the 
use  of  steel  sheeting,  which,  besides  the  advantages  mentioned,  can  be 
assembled  before  driving  to  form  the  walls  of  a  complete  caisson  and 
driven  sectionally  in  small  units  where  it  would  be  impossible  to  over- 
come the  friction  and  resistance  for  the  whole  caisson  at  once,  and 
where  the  driving  effort  can  be  concentrated  on  a  small  area  of  the 
structure,  thus  practically  multiplying  it  greatly  and  also  allowing 
for  adjustment  to  conform  to  the  rock  surface  and  obstructions. 
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T.   Kennaijd  Thomson,  M.  Am.  Soc.  C.  E. — The  author  is  to  ho  Mr.  Thompon. 
congratulated   on   giving  such   a   clear   demonstration   of   the   art  of 
caisson  dosiprn  as  it  existed  in  the  early  part  of  1907. 

The  desigm  of  pneumatic  caissons  has  been  completely  revolu- 
tionized about  four  or  five  times  in  the  last  ten  years,  and  the  result 
is  that  what  was  the  best  two  years  ago  was  out  of  date  last  year,  and 
last  year's  best  is  already  out  of  date,  notwithstanding  the  fact  that 
there  is  no  construction  going  on  at  present. 

In  trying  to  originate  or  improve,  it  is  very  common  to  revert  un- 
consciously to  original  or  antiquated  types,  and,  after  using  these 
designs  several  times,  the  same  objections  which  caused  the  original 
to  be  abandoned  become  apparent  again.  For  example,  the  early 
caissons  were  built  without  coffer-dams  on  top,  as  the  masonry  piers 
were  generally  started  on  top  of  the  massive  wooden  structures.  To 
do  this  without  any  coffer-dam,  of  course,  means  that  the  masonry 
must  be  built  as  fast  as  the  caisson  sinks,  as  it  always  has  to  be  kept 
above  water.  This  means,  first,  delay  in  waiting  for  the  masonry,  and 
secondly,  that  the  weight  of  masonry  is  often  greater  than  required 
for  sinking,  which  is  dangerous. 

It  also  means  that  the  friction  on  the  sides  of  the  masonry  from 
the  surrounding  material  is  often  sufficient  to  break  the  fresh  masonry 
joints;  and  again,  stone  masonry  causes  greater  frictional  resistance 
than  plain  greased  boards.  These  are  undoubtedly  the  reasons  for 
giving  up  the  attempt  to  build  caissons  without  the  use  of  coffer-dams. 

The  first  pneumatic  caissons  under  a  sky-scraper  were  sunk  for  the 
Manhattan  Life  Building,  at  66  Broadway,  New  York  City,  as 
Mr.  Francis  H.  Kimball,  the  architect,  was  far-sighted  enough  to 
insist  on  a  rock  foundation  for  his  building,  and,  though  he  was  very 
severely  criticised  at  the  time,  most  people  have  become  convinced  of 
his  good  judgment,  for  pneumatic  caissons  are  the  only  means  b.y 
which  sky-scraper  foundations  can  be  carried  to  good  hardpan  or  bed- 
rock, in  lower  New  York  City,  without  serious  danger  to  surrounding 
property.  The  only  material  above  the  hardpan  is  quicksand  which 
runs  like  water,  and  anybody  who  attempts  to  hold  back  from  25  to  80 
ft.  of  this  stuff  by  sheeting,  etc.,  will  find  the  results  disastrous  to  the 
pockets  of  the  owners  of  the  property.  In  fact,  a  great  many  thousands 
of  dollars  have  already  been  lost  through  the  experiments  of  novices, 
both  by  the  novices  themselves  and  their  clients. 

The  caissons  of  the  Manhattan  Life  Building  were  built  of  iron 
plates  and  angles,  without  coffer-dams,  the  brick  piers  being  started 
on  top  of  the  deck. 

Brick  masonry  has  also  been  found  to  open  at  the  joints,  and  allow 
the  caissons  and  coffer-dams  to  separate.  Brickwork  and  stone  masonry, 
good  in  their  day,  have  now,  it  is  to  be  hoped,  been  entirely  displaced 
by  concrete  for  caisson  work,  both  above  and  below  the  deck.     Wet 
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Mr.  Thomson,  concrete  requires  little  or  no  ramming  or  inspection  after  mixing, 
while  masonry  of  stone  or  brick  cannot  be  given  sufficient  inspection. 

As  timber  costs  much  more  than  concrete,  the  less  timber  used,  of 
course,  seemed  to  show  the  greater  saving,  and  it  was  thought  feasible 
to  replace  the  timber  coffer-dams  by  temporary  forms,  as  described  by 
the  author. 

It  was  soon  found,  however,  that  the  apparent  saving  was  very  de- 
ceptive, for,  in  the  first  place,  the  concrete  has  to  be  allowed  from  24 
to  48  hours  to  set,  and  the  result  is  that  the  sinking  has  to  be  inter- 
rupted several  times,  for  several  days,  the  men  being  put  to  work 
elsewhere.  To  change  the  men  from  one  caisson  to  another  in  the 
middle  of  a  shift  is,  of  course,  a  waste  of  time;  and  to  keep  the  air 
pressure  on  a  caisson  about  twice  as  long  as  would  be  necessary  with 
coffer-dams  is  obviously  expensive,  as  well  as  dangerous,  for  when  no 
one  is  working  in  the  air  chamber  the  gauge  tender  is  likely  to,  and 
often  has,  become  careless,  allowing  the  pressure  to  increase  or  de- 
crease, with  disastrous  results,  especially  to  adjoining  property. 

Another  reason  is  that,  for  economical  sinking,  it  is  necessary  that 
the  penetration  should  be  gradual  but  continuous;  plunging  a  couple 
of  feet  at  a  time  and  then  waiting  for  several  hours  gives  the  quick- 
sand a  chance  to  flow  against  the  sides  of  the  caisson  and  then  adhere 
to  it.  Naturally,  if  the  caisson  stands  still  for  a  couple  of  days  or 
longer,  this  trouble  is  much  increased,  and  it  is  quite  difficult  to  start 
it  again,  and  often  requires  a  great  deal  of  additional  weight,  usually 
in  the  form  of  pig  iron,  thus  increasing  the  expense. 

A  minor  objection  to  the  "forms"  is  that  they  are  usually  con- 
nected by  iron  angles  bolted  together,  and  in  New  York  City  the  Unions 
insist  upon  this  being  done  by  the  Iron  Union,  thus  making  it  neces- 
sary to  keep  a  high-priced  gang  for  unskilled  work.  Therefore,  the 
probabilities  are  that  timber  coffer-dams,  from  the  top  of  the  caisson 
to  the  surface  of  the  ground,  will  be  retained. 

The  omission  of  the  timber  or  steel  roof  is  often  a  very  decided 
saving;  but  in  some  cases  it  would  not  pay  and  in  others  it  would  be 
dangerous,  especially  where  it  would  make  the  caisson  too  heavy  to 
be  handled  to  advantage.  If  the  caisson  with  its  load  is  too  light,  of 
course,  it  will  not  go  down,  whereas  if  it  is  too  heavy  it  will  penetrate 
more  rapidly  than  desired,  and,  as  a  matter  of  fact,  the  cutting  edge 
has  frequently  been  forced  into  the  ground  until  the  entire  working 
chamber  has  been  filled  with  earth,  etc.  This,  of  course,  would  kill 
any  of  the  men  who  were  unable  to  escape,  and  would  make  the  resump- 
tion of  work  quite  tedious,  as  it  would  be  necessary  to  remove  enough 
material  to  make  room  for  the  men  and  the  bucket. 

As  for  the  steel  shafting,  which  is  expensive,  it  is  often  economical 
to  omit  or  remove  this;  but  here,  again,  the  question  of  extra  labor 
and  time  will  often  overcome  the  advantages,  and,  in  the  case  of  a 
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5-ft.  circular  caisson  with  a  3-f t.  shaft,  it  can  easily  be  understood  Mr.  Thomson, 
that  the  omission  of  the  steel  shaft  would  be  attended  with  consider- 
able risk,  as  experience  has  proved,  where  the  caisson  and  concrete 
have  broken  apart — an  accident  almost  impossible  to  rectify  when  the 
caisson  is  from  20  to  40  ft.  in  the  ground. 

There  have  been  several  cases  where  this  has  occurred;  and  what 
assurance  is  there  that  similar  accidents  have  not  occurred  without 
being  detected? 

In  short,  even  the  most  experienced  men  are  often  compelled  to 
learn  by  experiment,  while  novices  in  foundation  work  must  cultivate 
a  very  profound  respect  for  earth  and  water  pressures,  or  pay  the 
penalty,  which  on  one  contract  known  to  the  speaker  amounted  to 
about  $75  000. 

Louis  L.  Brown,  M.  Am.  Soc.  C.  E. — There  is  little  that  can  be  Mr.  Brown, 
added  to  this  paper,  especially  considering  the  remarks  made  by  Mr. 
F.  W.  Skinner  and  Mr.  T.  K.  Thomson,  both  of  whom  are  very  con- 
versant with  the  subject. 

From  the  standpoint  of  one  whose  experience  has  been  closely  con- 
nected with  the  actual  execution  of  work  of  this  class,  the  fact  of  the 
recent  improvements  in  methods  cannot  be  given  too  much  importance. 

While  it  is  true,  as  stated  by  Mr.  Thomson,  that  there  have  been 
a  great  many  improvements  and  changes  in  a  very  short  period  of 
time,  and  that  sometimes  new  ideas  are  tried  and  found  to  be  unsatis- 
factory, still,  to  make  sure  on  such  points,  actual  trials  are  necessary. 

One  company  in  New  York  City  has  tried  and  is  continually  try- 
ing new  methods,  for  the  purpose  of  cheapening  and  bettering  caisson 
construction,  and  out  of  the  many  trials  and  investigations  which  this 
company  has  made  have  come  some  of  the  recent  improvements  such 
as  Mr.  TJsina  has  illustrated. 

Not  only  have  the  cost  of  the  work  and  the  excellence  of  construc- 
tion been  considered,  but  also  the  safety  of  the  workers.  There  is  now 
in  use  a  shaft  which,  besides  having  the  features  described  by  Mr. 
Usina,  is  of  oval  cross-section,  with  space  at  one  end  for  the  passage 
of  the  bucket  and  at  the  other  for  a  ladderway  to  permit  the  men  to 
pass  in  and  out  without  the  risk  of  being  hit  by  a  descending  bucket. 
This  has  averted  many  accidents. 

J.  C.  Meem,  M.  Am.  Soc.  C.  E. — There  is  one  type  of  caisson  which  Mr.  Meem. 
the  author  did  not  note  in  his  paper,  and,  as  it  may  be  of  general  in- 
terest, it  is  here  described. 

Some  six  months  previous  to  the  opening  of  the  Interborough 
Eapid  Transit  subway  extension  to  Brooklyn,  now  knovTn  as  the  Bat- 
tery Tunnel,  a  contract  was  let  to  the  Cranford  Company,  of  Brooklyn, 
for  the  building  of  a  large  shaft  at  Willow  Place,  on  Joralemon 
Street,  to  serve  the  several  purposes  of  an  emergency  exit,  a  duct  man- 
hole, and  a  ventilating  shaft. 
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Mr.  Meeni.  The  depth  at  this  point  is  about  64  ft.  to  the  outside  bottoms  of 
the  tubes,  which  are  practically  circular,  cast-iron-exterior,  concrete- 
lined  tubes  of  about  17  ft.  external  diameter.  The  water  level  at  this 
point  is  slightly  below  the  tops  of  the  tubes.  The  required  opening 
of  the  main  shaft  (irrespective  of  chambers  and  appurtenances)  was 
about  54  by  19  ft.,  outside  measurements,  and  about  66^  ft.  deep. 

After  making  various  studies  of  methods,  the  contractors  decided 
to  do  this  work  by  what  may  be  called  the  "place  caisson"  method,  as 
indicated  in  the  sketch.  Fig.  25.  This  consisted  essentially  in  exca- 
vating to  water  level  by  ordinary  methods-  and  in  erecting  there  the 
upper  walls  and  roof  of  a  caisson,  then  finishing  the  remainder  of  the 
excavation  under  air  pressure.  The  upper  part  of  the  shaft  was  first 
partially  decked  over,  then  excavated  to  the  water  level,  the  sides  being 
protected  by  2-in.  sheeting  set  in  horizontally  and  braced  vertically 
and  across.  Between  the  tubes,  adjacent  to  the  sides  and  across  the 
ends  of  the  shaft,  TJ.  S.  steel  sheet-piling  was  driven  to  a  penetration 
of  from  12  to  15  ft.,  or  as  far  as  possible  without  jetting;  and  between 
the  steel  piling  2-in.  sheeting  was  driven  to  the  tops  of  the  tubes,  the 
bottom  of  each  plank  being  cut  to  fit  as  closely  as  could  be  done  by 
rough  calculation.  Waling  pieces  were  then  bolted  to  this  piling,  and 
the  tops  were  cut  off  to  a  level  bearing,  and  to  these  waling  pieces  was 
bolted  a  roof  of  12  by  12-in.  timbers.  The  roof,  and,  as  far  as  pos- 
sible, the  sides,  were  then  air-proofed  and  internally  braced,  and 
material  and  man-locks  of  the  vertical  type,  together  with  air  and 
other  pipes,  were  set  in  through  the  roof.  The  whole  shaft  was  then 
backfilled  above  the  roof  to  a  sufficient  depth  to  counteract  a  possible 
maximum  air  pressure  of  about  8  lb. 

Air  under  pressure  was  then  introduced,  and  the  sheeting  and  ex- 
cavation proceeded  until  the  bottom  of  the  shaft  had  been  reached, 
when  the  bottom  and  sides  were  water-proofed  with  brick  and  mastic. 
This  water-proofing  was  sealed  to  the  outside  of  the  tubes  by  plate- 
iron  collars  tap-bolted  to  them.  The  regular  construction  of  concrete 
and  steel,  as  designed  by  the  Public  Service  Commission,  was  then 
built  inside  the  caisson,  and  when  this  construction  had  reached  the 
normal  water  level  the  air  pressure  was  taken  off  and  the  roof  of  the 
caisson  removed.  The  tubes  inside  the  limits  of  the  shaft  were  then 
cut  out  and  removed,  leaving  the  shaft  entirely  free  and  with  open- 
ings into  each  end  of  both  tubes,  giving  four  openings  in  all. 

As  noted,  the  inside  of  the  caisson  below  the  bottoms  of  the  driven 
sheet-piling  was  sheeted  with  2-in.  planking  set  in  horizontally  and 
air-proofed  as  far  as  possible.  On  reaching  a  point  near  the  bottom, 
however,  it  was  found  best,  as  far  as  possible,  to  drive  a  row  of  "toe'' 
sheeting  around  the  sides  of  the  caisson  on  the  inside,  keeping  the  bot- 
tom of  the  sheeting  well  below  the  external  bottom  of  the  shaft. 

Owing  to  the  fact  that  the  ground  had  been  shaken  up  consider- 
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Mr.  Meein.  ably  during  the  original  construction  of  the  tunnel,  and  the  further 
difficulty  of  making  a  tight  joint  between  the  tubes  and  the  sheeting, 
a  larger  quantity  of  air  was  required  than  was  expected,  and  there  was 
great  difficulty  in  keeping  the  water  down  for  the  last  2  or  3  ft.  of 
the  excavation.  Outside  of  this,  there  were  no  difficulties  other  than 
those  anticipated  by  the  contractors. 

By  using  this  method,  the  Interborough  Company  was  enabled  to 
have  the  full  possession  of  the  interiors  of  the  tubes  for  the  work  of 
laying  the  track,  lining  the  tubes,  and  other  work  incidental  to  the 
preparation  for  operation,  all  of  this  work  being  carried  on  simul- 
taneously with  the  shaft  work  on  the  outside  of  and  around  the  tubes. 
In  spite  of  the  loss  of  air,  no  settlement  whatever  was  noticed  in  ad- 
joining buildings,  some  of  the  foundations  of  which  were  within 
5  ft.  of  the  exterior  lines  of  the  excavation.  This  was  believed  to  be 
due  largely  to  the  fact  that  especial  care  was  taken  in  setting  in  and 
bracing  the  sheeting  of  the  upper  shaft.  The  work  was  done  under 
the  direction  of  the  Public  Service  Commission,  and  for  the  Inter- 
borough Eapid  Transit  Eailroad  Company. 
Mr.  usina.  D.  A.  UsrNA,  Assoc.  Am.  Soc.  C.  E.  (by  letter).— The  notes  by  Mr. 
Skinner,  covering  all  the  modern  improvements  in  pneumatic  founda- 
tion work,  are  a  very  valuable  contribution  to  the  literature  of  this 
art.  In  fact,  it  can  hardly  be  said  that  there  is  any  adequate  printed 
description  of  the  methods  used  in  work  of  this  class.  The  standard 
authorities  on  tunneling  and  foundation  work  usually  confine  them- 
selves to  the  description  of  caissons  which,  at  least  for  building  founda- 
tions, are  extremely  antiquated. 

The  shifting  from  steel  to  wood  and  from  wood  back  to  steel  seems 
to  be  more  due  to  economy,  as  the  relative  prices  shift,  rather  than  to 
superiority  of  design,  but  the  air-lock  improvements  referred  to,  by 
which  the  removal  of  the  materials  was  made  a  continuous  operation 
instead  of  an  interrupted  one,  and  the  several  suggestions  for  effect- 
ing tight  joints  between  adjacent  piers,  have  been  highly  advantageous 
as  well  as  ingenious. 

It  is  generally  agreed  that  pneumatic  caisson  foundations  are  so 
costly  as  to  be  usable  only  where  they  are  indispensable.  Improved 
methods  and  machinery  have  somewhat  reduced  the  cost,  but  they 
still  remain  by  far  the  most  expensive  foundations.  On  the  other 
hand,  the  buildings  which  are  supported  by  such  foundations  in  New 
York  City  represent  enormous  investments,  and  engineers  are  well 
advised  in  holding  it  indispensable  that  such  buildings  should  be  sup- 
ported upon  bed  rock.  The  simple  designs  referred  to  for  sinking 
small  concrete  piers  3  or  4  ft.  in  diameter  without  the  necessity  of 
pneumatic  caisson  or  coffer-dam  work  will  surely  find  a  wide  use 
when  they  are  reduced  to  practical  form.  Schemes  proposed  for  this 
sort  of  work,  however,  are  not  very  promising. 
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Mr.  Thomson  is  disposed  to  smile  at  the  improvements  which  he  Mr.  Usina. 
sees  "advancing"  in  a  circle.  But  history  does  not  repeat  itself  any 
more  accurately  in  engineering  than  in  any  other  science.  The  com- 
plete displacement  of  stonework  and  brickwork  by  concrete,  the  im- 
provements which  the  past  fifteen  years  have  witnessed  in  the  manu- 
facture of  cement  and  concrete,  the  character  of  the  buildings  sup- 
ported, and  the  conditions  under  which  the  work  is  carried  on,  have 
all  contributed  to  the  feasibility  or  necessity  of  improvements  re- 
sembling in  general,  but  differing  in  important  points  from,  the  ex- 
periments of  years  ago  which  were  abandoned  because  they  were  neither 
feasible  nor  necessary.  The  progress  of  improvement  obeys  the  law, 
not  of  a  circle  but  rather  of  a  spiral,  going  forward  and  backward,  but 
deflected  always  outward  by  new  conditions. 
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With  Discussion  by  Messrs.  Guy  B.  Waite,  E.  G.  Walker^  Eugene 
W.  Stern,  and  E.  S.  Chew. 


In  submitting  this  paper,  the  writer  is  well  aware  that  he  is  deal- 
ing with  a  force  that  can  be  measured  only  by  the  resistance  en- 
countered; and  it  was  simply  with  a  view  of  determining  the  nature 
of  the  stresses  induced  in  structures  by  a  shock,  such  as  that  in  San 
Francisco  on  April  18th,  1906,  that  the  following  was  undertaken. 

All  realize  that,  with  a  possible  exception,  the  steel-framed  struc- 
tures in  San  Francisco  stood  this  shock.  This  fact  has  promoted  con- 
fidence, and  has  satisfied  architects  and  owners  that  such  is  the  safe 
type  of  building  for  the  Pacific  Coast.  The  engineer,  however,  cannot 
be  satisfied  until  he  ascertains  just  how  a  disturbance  of  this  nature 
affects  high  buildings. 

The  effect  of  an  earthquake  is  to  produce  a  complex  movement  in 
the  crust  of  the  earth.  This  movement  is  a  wave  motion  accompanied 
by  more  or  less  twisting.  This  twisting  or  torsional  effect  is  small, 
and  affects  only  the  first  tier  of  columns.  The  length  of  the  wave  is 
very  long,  so  that  the  vertical  movement  is  small,  and,  for  a  structure 
with  a  well-designed  foundation,  may  be  neglected.  The  effect  of  the 
shock,  then,  is  from  the  horizontal  motion,  which  is  a  rapid  oscillation. 
♦Presented  at  the  meeting  of  March  4th,  1908. 
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From  mechanics,  it  is  known  that: 

Force  =  Mass  acceleration,  or  F  ^=^  M  a  = 


W  a 
(I 


0) 


or,  the  force  of  the  earthquake  on  any  structure  is  the  mass  of  the 
structure  into  the  acceleration  produced. 


5TTa 


^ 


Fig.  1. 

Imagine  the  structure  represented  by  Fig.  1  to  be  built  of  a  per- 
fectly rigid  material,  and  that  W  is  the  weight  of  each  story;  then, 
as  the  foundation  takes  up  the  movement  of  the  earth,  it  endeavors  to 
set  the  structure  in  motion.     The  inertia  of  the  building  resists,  and 

5  TFa 


calls  into  play  the  force,  F 
floor  are : 


The  shearing  stresses  at  each 


'§2=    4 


Oq 


W  a 

W  a 

~9~ 


S,  =  2 etc. 

5  W  a  ^  h 
The  maximum  bending  moment  =    — - —  X    . 


If  these  shears  and 


bending  moments  could  be  developed,  the  building  would  follow  the 
movement  as  a  whole.  There  are,  however,  no  perfectly  rigid  materials, 
so  that,  under  the  action  of  a  force,  there  would  be  deformation  which, 
as  will  be  seen  later,  is  different  in  different  types  of  buildings. 

Consider  first  a  structure  which  has  no  wind  bracing.    By  reference 
to  Fig.  2  it  will  be  seen  that  each  story  weighs  W,  and  that,  there- 
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fore,  the  resistance  that  each  story  would  offer  to  having  set  up  in  an 
Wa 


acceleration,  a,  would  be 


U 


The  building,   under  this   action   of   forces,   is   a   beam  cantilever 
under  a  uniform  load  so  that: 

Moment  of  inertia  at  section  1  —  1  =  7^ 

((  ci  a  a  c(  2 2  =  I 

assuming  I  =    ^     — ?  then,  approximately. 


A 


5  IF  a 


X 


(2) 


(J  SE  I 

It  will  be  noticed  that    J,  in  Equation  2,  does  not  represent  the  dis- 
placement due  to  the  shock,  and  may  be  greater  or  less  than  this. 


H A~ 


F- 


_  swa 
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->■-       w 
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Wa 

-I    9 


^^^^^^^^^^^^^^^^^^ 


Fig.  2. 

If  the  building  be  represented  as  a  single  line  it  can  be  seen  that,  as 
^  varies  directly  as  a,  h^,  and  W,  and  inversely  as  E  and  I,  that  either 
of  the  three  curves  may  be  attained,  dependent  on  these  variables. 

If  now,  E  and  I  be  large,  and  W  and  L  small,  and  the  oscillation 
rapid,  then  the  building  would  endeavor  to  follow  the  movement  closely, 
in  which  case  the  curves  produced  by  the  oscillation  would  produce  a 
wave  motion  in  the  structure,  as  shown  approximately  by  Fig.  4. 

The  writer  believes  this  to  be  the  effect  of  the  late  shock  as  felt  on 
the  majority  of  low  structures.    He  identifies  it  as  the  effect  produced 
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on  the  three-story  apartment  house  which  he  was  in  on  that  memorable 
morning.  It  was  quite  different  from  the  effect  felt  in  the  fifth  story 
of  a  six-story  steel-frame  structure  during  a  later  shock.  In  the 
latter  case,  there  was  a  decided  swinging  movement  of  the  building. 


FiG.  3. 

Referring  to  Fig.  1,  one  may  note  the  high  shearing  stresses  pro- 
duced.    These   are,    of   course,   the   same   in   Fig.    2.     The   bending 
moment  is  a  maximum  at  the  foot  of  the  column,  and  equals : 
5  TT'  a  /i    ,    _  ,,,   J       5  TF  /a  h 


(\"  +  ') 


(3) 


,^S^g^S5^S^|5^^^^K555^5^3S535^555555S!^?!)5^555: 


Original 
Position 


Isf  Movement       ,1st  Reversal 


2nd  Reversal 


It  can  be  seen  at  a  glance  that  this  type  of  construction  is  not 
adapted  to  resist  any  shocks  except  those  of  very  small  displacement; 
and,  even  in  these,  the  buildings  will  fail  in  §  | 

t-^  I  S 

detail.     For  instance:  It  was  noted,  after  the  |3 

shock  of  April  18th,  that  in  a  number  of  cases 

the  cormection  of  beams  to  columns  had  failed 

by  the  rivets  shearing  off.    Reference  to  Fig. 

5  will  explain  the  condition.     By  referring  to 

the  curves,   it  will  be  seen  that  during  the 

vibration    the     column     bent,     throwing     the 


Fig.  5. 
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couple,  F  F,  into  action,  and  the  rivets,  not  being  sufficient  to  stand 
this,  failed.  The  writer  has  also  noted  several  buildings  of  this  type 
in  which  there  is  a  decided  crack  in  the  brickwork  following  the 
column,  which  tends  to  substantiate  this  theory. 

A  wind-braced  building  will  act  a  little  differently  from  the  fore- 
going, due  to  the  fact  that  the  point  of  contraflexure  in  the  columns 
is  fixed  by  the  bracing,  so  that  the  building  in  part  will  follow  the 
movement. 

Let  D  =  the  horizontal  displacement, 

t  =  the  time  for  said  horizontal  displacement, 

a  =  the  acceleration  =  — „, 

t 
g  =  the  effect  of  gravity; 

then,  the  force  exerted  on  the  building  ^=  F  =   '1    ^^    where 

W  equals  the  weight  of  the  building. 

If,  in  Fig.  6,  it  be  assumed  that  the  horizontal  girders  are  stiff 
enough  to  fix  the  columns  at  the  knees,  then  the  effect  on  the  build- 
ing by  the  movement,  J) ,  is  as  shown. 

B'     =  \   -\-  X, -f  Aj  =    2    (Ji  -f    J, +  z/,)  =  the  de- 
formation in  building, 
ir.  ^=  the  weight  of  the  building  above  and  including  the  first 

floor, 
IT'^  =  the  weight  of  the  building  above  and  including  the  second 

floor. 
173  =  the  weight  of  the  building  above  and  including  the  third 

floor. 
From  mechanics,  it  is  known  that: 

_     Ff    _WI)     f 
^      "    iEI  ^~7jT?>EI ^"^^ 


^.    = 


W,  1%  D 


etc, 


Therefore  D'  =  /  "  5  '5  _l    '^4  '4  _^    ►»  3  h 


■^3 

or,  if  2>r=  D\ 


therefore    1    =: 


WA^    .     WJ. 


HErje     \    I,  I, 
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The  bending  moment  is  a  maximum  at  the  base,  and 


jr-  i'  +  rEi) '"' 


IF,     . 


These  conditions  are  reached  for  the  movement  in  one  direction. 
As  this  movement  is  back  and  forth,  it  gives  the  approximate  curves 
shown  by  Fig.  7. 

It  can  readily  be  seen  that  while  the  curve,  0  A,  shows  the  curve 
in  the  building  for  the  movement,  1  —  A,  that,  before  the  return  move- 
ment throws  the  reverse  curve,  0  —  B,  into  the  structure,  a  portion 
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of  the  frame  at  the  top  will  endeavor  to  straighten,  or  that  the  point, 
0,  will  move  to  x,  and  that  the  curve  on  the  beginning  of  the  return 
movement  will  he  x  y  z  A.  This  tendency  is  aggravated  on  each  re- 
verse, and  produces  the  whip  action  at  the  top. 


Ox 


Ox 


■^^^^^^^^ 


Fig.  8. 


^m^^^^^^^^^^^^^^^^^^^^^^^^' 


Fig.  7. 

By  Equation  5  it  may  be  seen  that  should  D  be  very  small  and  Zj 
on  the  first  story  large,  nearly  all  the  bending  would  occur  in  the  first- 
story  colimans,  the  building  above  receiving  a 
very  small  force.  In  this  case,  the  first-story 
columns  vibrate  back  and  forth,  and  the  build- 
ing above  is  practically  stationary.  Of  course, 
this  would  be  productive  of  a  high  bending  move- 
ment in  the  first-story  columns,  and  a  shock  of 
any  magnitude  would  wreck  the  building. 

If  the  foregoing  analysis  is  correct,  the  following  may  be  noted: 

1st. — That  the  stresses  produced  are  similar  to  those  caused  by 
wind; 

2d. — That,  on  account  of  quick  reversal,  the  stresses  are  increased; 

3d.— That,  in  a  wind-braced  structure,  the  total  effect  is  distributed 
throughout  the  structure; 

4th.— That,  as  this  effect  is  a  direct  function  of  the  weight,  the 
wall  and  floor  construction  should  be  as  light  as  consistent  with 
strength ; 

5th. — That,  as  this  effect  is  inversely  as  the  coefficient  of  elasticity, 
the  frame  should  be  of  a  highly  elastic  material ; 

6th. — That,  as  the  effect  in  buildings  that  are  not  wind-braced 
varies  as  the  cube  of  the  height,  these  structures  should  be  limited 
in  height; 

7th. — That  a  monolithic  foundation  is  preferable  to  one  having 
isolated  footings. 
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These  conclusions  all  point  to  a  steel  franic  witli  reinforced  walls 
and  floors  as  the  type  of  construction  for  the  vicinity  of  San  Francisco. 
With  respect  to  reinforced  concrete,  the  writer,  although  he  be- 
lieves it  to  be  a  valuable  combination,  thinks  it  unsuited  to  resist 
the  forces  that  an  earthquake  shock  would  produce  in  a  high  building, 
for  the  following  reasons: 

1st. — This  type  of  construction  is  not  adapted  to  resisting  reversed 
stresses ; 

2d. — It  cannot  take  shock; 

3d. — The  construction  is  heavy,  which  conflicts  with  Conclusion  4; 

4th. — The  coefficient  of  elasticity  is  low,  which  does  not  agree  with 
Conclusion  5; 

5th. — The  high  bending  moments  produced  in  columns  and  girders 
would  make  their  designs  uneconomical; 

6th.- — Added  to  these,  when  it  is  considered  that  any  failure  in 
detail  will  necessitate  the  renewal  of  several  entire  members,  the  dis- 
advantages of  this  construction  will  be  seen. 

Finally,  the  writer  would  recommend: 

I. — The  building  to  have  lattice  girders  of  the  Warren  type,  as 
deep  as  the  spandrel  section  will  allow,  running  entirely  around  the 
structure  at  every  floor.  The  advantage  of  this  construction  is 
obvious :  Being  in  the  center  of  the  wall,  the  brickwork  or  concrete 
can  be  built  around  the  members,  the  wall  thereby  being  reinforced, 
the  girder  can  be  designed  economically  for  the  different  floors.  Be- 
ing deep,  it  forms  the  lintel  over  the  windows  and  at  the  same  time 
decreases  the  length  of  the  column. 

II. — Monolithic  foundations. 

III. — Reinforced  concrete  walls,  the  reinforcement  to  run  hori- 
zontally and  vertically. 

IV. — Floor  slab  to  be  of  rock  concrete  at  least  3J  in.  thick. 

V. — Floors  cut  up  by  a  large  number  of  openings  to  be  braced  so 
that  they  can  transmit  all  horizontal  shear  to  the  columns. 

"VI. — Wind  bracing  connections  to  be  designed  to  develop  the  main 
member. 

VII. — Wind  bracing  to  be  carried  to  the  ground. 

VIII. — Columns  to  be  calculated  for  an  extreme  fiber  stress  of 
12  000  lb. 
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Mr.  waite.  GuY  B.  Waite,  !M.  Am.  Soc.  C.  E.  (by  letter). — In  the  "paper  en- 
titled "Wind  Bracing  for  High  Buildings,"'^  the  writer  assumed  a 
horizontal  wind  pressure  of  30  lb.  per  sq.  ft.  as  acting  against  the  en- 
tire windward  side  of  the  structure.  The  stresses  induced  by  the  wind 
force  were  assumed  to  be  resisted  by  the  construction  acting  as  a  canti- 
lever. The  building  was  assumed  to  be  plumb.  No  increased  bending 
moment,  caused  from  an  overhang,  by  wind  pressure  was  thought  neces- 
sary. Provided  the  weight  of  the  building  was  sufficient  to  counteract 
the  overturning  moment  due  to  wind,  the  mass  or  weight  of  the  build- 
ing did  not  enter  into  the  discussion. 

The  resistance  of  the  structure  to  the  horizontal  component  of 
wind  pressure  was  discussed  without  reference  to  whether  it  weighed 
100  lb.  or  1000  000  lb.  Mr.  Chew's  first  conclusion,  that  the  stresses? 
produced  by  earthquakes  are  similar  to  those  caused  by  wind,  is  mis- 
leading. While  the  force  from  wind  pressure  is  definite,  and  is  dis- 
tributed throughout  the  structure,  the  force  from  an  earthquake  is  in- 
definite and  unmeasurable,  and  is  distributed  throughout  the  structure 
only  by  acceleration  taken  at  one  place — the  foundation. 

To  compare  the  two  forces,  it  may  not  be  improper  to  liken  them 
to  the  working  of  horizontal  engines  under  a  given  pressure:  the  force 
of  the  wind  being  similar  to  small  pistons  with  long  strokes,  while  the 
force  of  the  earthquake  is  similar  to  a  piston  having  an  indefinitely 
large  area  with  a  very  small  stroke.  In  the  former  case,  the  engine 
force  is  distributed  against  the  side  of  the  building,  is  limited  in 
amount,  and  is  substantially  all  taken  up  by  the  structure ;  in  the  latter 
case,  the  immeasurable  force  from  the  unlimited  piston  area  is  simply 
carried  through  the  foundation  of  the  building,  the  only  force  taken 
up  by  the  building  being  due  to  the  vibration  of  tlie  foundation. 

On  the  leeward  side  of  a  building  the  force  of  the  wind  is  prac- 
tically nil,  while  the  force  of  the  earthquake  is  substantially  the  same 
on  each  side  of  the  foundation.  The  wind  force  is  all  taken  by  the 
building,  whether  it  be  a  heavy  or  a  light  structure.  The  vibration  of 
the  foundation  of  a  building,  from  earthquake  (other  things  being 
equal),  will  be  the  same,  whether  it  be  heavy  or  light;  the  momentum 
only  will  vary  with  its  weight. 

The  amount  of  the  vibration  of  the  superstructure  of  the  building 
caused  by  earthquake  will  depend  on  the  rapidity  and  length  of  stroke 
of  the  so-called  piston,  the  elasticity  of  the  material  in  the  construc- 
tion, and  the  design  of  the  building.  For  instance,  if  the  foundation 
of  the  building  were  divided  into  two  horizontal  parts,  with  roller  or 
ball  bearings  between  the  parts,  the  earth  vibration  could  pass  through 
without  materially  affecting  the  upper  structure,  whether  heavy  or 
light,  the  only  vibration  being  due  to  the  friction  of  the  bearings. 

*Tranmctions,  Am.  Soc.  C.  E..  Vol.  XXXIIL  p.  190. 
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If  the  vibrations  were  sufficiently  rapid,  and  the  columns  sufficiently  Mr.  Waite. 
long  and  elastic,  probably  little  vibration  would  be  felt,  whether  the 
building  were  light  or  heavy. 

While  some  structural  resistance  is  absolutely  necessary  in  the  case 
of  wind — the  force  being  definite  and  positive — the  structural  resistance 
required  in  the  case  of  earthquakes  will  depend  on  circumstances  and 
design,  the  force  itself  not  being  against  the  building. 

Now,  with  a  properly  designed  building,  having  a  given  mass  and 
a  certain  given  vibration  of  the  foundation,  but  little  vibration  may 
be  caused  to  the  superstructure,  while,  with  more  unfavorable  designs, 
vibration  enough  to  wreck  the  building  might  be  caused,  even  if  the 
best  of  wind  bracing  were  used. 

Buildings  may  be  definitely  braced  against  wind  pressure,  but  they 
cannot  be  definitely  braced  against  earthquakes. 

A  pile  of  brick  may  be  laid  so  that  it  will  resist  wind  pressure,  but 
will  fall  on  account  of  the  acceleration  caused  by  an  earthquake;  this, 
however,  is  no  reason  why  a  sober  fat  man  cannot  stand  up  as  well  as 
a  lean  man  under  both  earthquake  and  wind  pressure.  In  Nature  we 
see  resistances  increasing  with  the  size  and  weight  of  objects;  if  this 
idea  be  carried  out  in  buildings,  we  will  but  obey  the  mathematical 
laws  which  govern  the  stability  of  all  things  composed  of  matter.  The 
heavier  the  building  the  more  horizontal  resistance  it  will  naturally 
have;  but  the  writer  does  not  agree  that  the  resistance  should  increase, 
as  indicated  in  the  rational  analysis  from  which  the  author  draws  his 
conclusions. 

It  is  generally  considered  that  additional  weight  helps  to  distribute 
wind  pressures,  and  that  the  force  of  the  wind  is  largely  used  up  in 
frictional  and  other  internal  work  on  the  mass,  to  the  relief  of  specific- 
ally designed  resistances. 

When  a  force  is  set  up  in  a  building,  from  the  vibration  of  the 
mass  composing  the  foundation,  why  should  not  much  of  this  force, 
which  would  otherwise  be  communicated  to  the  braces  and  connections 
of  the  superstructure,  be  lost  in  doing  the  internal  work  referred  to 
above  ? 

As  buildings  can  be  properly  designed  to  resist  wind,  and  can  only 
be  designed  to  escape  the  vibration  of  earthquakes,  it  is  believed  that 
they  should  be  constructed  so  that  their  parts  will  withstand  wind  pres- 
sures, and  that  they  will  then  be  amply  provided  to  withstand  earth- 
quakes. 

Wind  pressures  are  very  frequent,  while  earthquakes  are  very  rare. 
A  building  will  have  need  for  resistance  to  wind  pressures  several 
thousand  times  for  one  possible  resistance  to  earthquake. 

There  is  no  evidence  to  show  that  a  modern  wind-braced  building 
is  not  strong  enough  to  withstand  the  vibration  from  an  earthquake, 
but  there  is  considerable  evidence  to  show  that  it  is  sufficient. 
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5ir.  waito.  A  building  well  designed  to  resist  the  force  of  the  wind  should 
have  plenty  of  good-sized  columns.  The  connections  and  braces  of 
these  columns  to  the  girders  should  be  strong  and  positive,  and  there 
should  be  the  maximum  depth  of  connections  of  cross-beams  and 
girders  to  columns.  All  constructions  composing  floors,  walls,  parti- 
tions, etc.,  should  be  capable  of  distributing  stresses  and  of  withstand- 
ing vibrations. 

It  seems  to  the  writer  that  reinforced  concrete  fulfills  these  condi- 
tions better  than  any  other  known  material.  In  reinforced  concrete 
the  columns  and  girders  have  a  monolithic  connection  throughout  their 
height,  and,  with  proper  design,  can  take  stress  in  both  directions.  The 
concrete,  being  a  filling  between  the  reinforcing  steel,  can  take  any 
amount  of  vibration  which  will  be  conveyed  by  an  earthquake.  The 
reinforcing  steel  is  run  into  the  columns,  making  a  stronger  connec- 
tion than  possible  in  steel  and  ordinary  fire-proof  construction. 

If  there  be  any  part  of  a  building  in  which  concrete  properly  re- 
inforced cannot  be  designed  as  light  as,  and  perform  the  function  of 
resisting  stresses  better  than,  any  other  fire-proof  material  (in  addi- 
tion to  which  it  preserves  the  steel),  the  writer  is  not  aware  of  it. 
Mr.  Walker.  E.  G.  Walker,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has 
read  with  very  great  interest  Mr.  Chew's  paper  and  the  analysis  with 
which  he  endeavors  to  arrive  at  the  facts  of  the  resistance  of  a  steel- 
framed  building  to  earthquake  shocks.  At  first  sight  it  would  appear 
that  this  subject  is  not  one  which  is  susceptible  of  much  calculation, 
but,  when  the  nature  of  an  earthquake  disturbance  is  considered  more 
closely,  it  at  once  becomes  apparent  that  a  rational  analysis  may  easily 
be  made. 

As  Mr.  Chew  remarks,  the  effect  of  an  earthquake  is  a  wave  motion. 
The  motion  usually  commences  with  small  elastic  earth-vibrations  of 
short  periodicity,  followed  later  by  the  shock  proper,  the  period  of 
which  will  be  much  greater,  from  1  to  2  sec,  after  which  the  vibra- 
tions will  become  slower  and  smaller  until  a  quiescent  state  is  again 
reached. 

This  being  the  nature  of  the  force  acting  on  any  structure  during 
an  earthquake  disturbance,  the  writer  does  not  think  that  the  author's 
analysis,  though  correct  and  in  order  as  far  as  it  goes,  is  sufficiently 
extended  to  take  true  cognizance  of  the  initial  conditions  of  the 
problem.  Mr.  Chew  treats  his  building  as  an  elastic  structure,  the 
foundations  of  which  are  subjected  to  an  impact  by  a  seismological 
wave,  but  he  neglects  the  fact  that  this  wave  is  followed  by  others  at 
intervals  which,  for  a  short  period,  may  be  regarded  as  regular. 

When  an  elastic  body  is  struck  a  blow,  it  tends  to  vibrate  with  its 
own  natural  period  of  vibration,  and  the  amplitude  gets  less  and  less 
until  the  body  comes  to  rest,  the  maximum  distortion,  and  therefore, 
also,  the  maximum  stresses,  occurring  just  after  the  impact.  This  is 
the  state  of  affairs  ^fr.  Chew  assumes. 
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The  writer  submits,  however,  that  to  treat  the  problem  on  this  basis  Mr  Walker, 
is  insufficient.  The  building  should  be  considered,  not  as  merely  sub- 
jected to  an  impact,  but  as  acted  upon  by  a  force  the  intensity  of  which 
varies  according  to  a  regular  periodic  law.  The  building  is  then  com- 
pelled to  execute  forced  vibrations,  and,  if  it  should  happen  to  have 
a  natural  period  which  synchronises  with  that  of  the  applied  force,  a 
resultant  vibration  of  very  large  amplitude  would  be  set  up,  causing 
extreme  stresses.  On  the  other  hand,  and  this,  presumably  is  a  more 
common  case,  if  the  natural  period  of  the  building  and  that  of  the 
impressed  force  are  different,  there  would  be  a  continuous  variation  of 
stress  in  all  members  of  the  structure  though  the  range  would  not  be 
80  great. 

The  mathematical  treatment  of  the  problem,  on  these  lines,  though 
a  little  complicated,  only  follows  the  orthodox  method  of  investiga- 
tions into  the  ordinary  problems  relating  to  vibrations.  The  writer  had 
intended  to  present  a  solution  in  some  of  the  simpler  cases,  such  as 
those  dealt  with  in  the  paper,  but,  unfortunately,  the  time  at  his  dis- 
posal has  been  insufficient  to  take  up  the  question  in  detail.  However, 
it  should  be  possible,  by  treating  the  structure  as  a  vertical  cantilever 
acted  on  by  a  periodic  force,  to  arrive  at  a  law  of  displacement  for  any 
portion,  and  thus  to  get  a  value  for  the  maximum  deflection,  / .  at  any 
point,  as  well  as  an  accurate  knowledge  of  the  range,  or  extreme  values 
of  deflection.  The  step  from  this  to  a  calculation  of  the  stresses  in- 
duced is  easy  and  straightforward. 

With  regard  to  the  author's  first  conclusion,  it  seems  to  the  writer 
that  the  stresses  produced  by  a  shock  will  be  similar  to  those  caused 
by  wind  only  in  cases  where  the  wind  pressure  is  produced  by  gusts 
at  fairly  regular  intervals.  The  increase  or  otherwise  of  stresses  men- 
tioned in  his  second  conclusion  would  be  brought  out  in  an  analysis  on 
•  the  lines  the  writer  has  mentioned,  and,  in  calculating  the  scantlings 
of  a  new  structure,  the  extreme  fiber  stress  allowed  could  be  settled  in 
accordance  with  the  range  of  stresses  found. 

This  subject  of  the  stresses  induced  in  an  elastic  structure  by 
seismological  disturbances  is  a  very  interesting  and  important  one, 
from  both  practical  and  theoretical  standpoints.  Up  to  the  present, 
rules  and  formulas  have  been  mainly  the  outcome  of  observation  and 
experiment,  rather  than  of  deduction  from  the  theoretical  investiga- 
tion; but  there  is  no  reason  why  the  latter  method  should  not  be  used; 
so  that,  with  a  knowledge  of  the  seismograms  which  have  been  recorded 
from  time  to  time,  it  should  be  possible  to  deduce,  with  a  fair  degree 
of  accuracy,  the  probable  stresses  which  would  be  induced  by  a  shock, 
and  to  provide  suitably  for  them.  The  writer  only  regrets  that  he  has 
been  unable  to  devote  the  time  necessary  to  work  out  an  analysis  on 
the  lines  he  has  endeavored  to  indicate. 
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Mr.  Stern.  EuGEXE  W,  Sterx,  M.  Am.  Soc.  C.  E. — Earthquake  shocks  vary 
so  much  in  intensity  and  character  that  it  seems  improbable  that  any 
assistance  can  be  gained  from  mathematical  investigations,  in  the  prac- 
tical designing  of  buildings  to  withstand  these  shocks. 

Along  a  fault  line,  and  even  many  miles  away,  the  force  may  be 
irresistible,  owing  to  conditions  which  cannot  be  controlled,  such 
for  instance  as  deformation  of  the  soil;  and  the  effects  on  buildings 
may  be  such  that  damage  is  inevitable.  How  to  minimize  this,  so  as 
to  cause  the  least  loss  of  life  and  property,  is  the  vital  problem. 

The  effects  which  earthquake  shock  produces  on  the  earth  may  be 
divided  into : 

1. — Elastic  vibration, 
2. — Change  in  contour. 

If  a  building  were  designed  to  withstand  only  elastic  vibration, 
using  a  system  of  bracing  similar  to  wind  bracing,  rigidly  connected 
to  columns  and  girders,  as  recommended  by  the  author,  the  damage  to 
buildings  would  be  very  serious  if  the  change  in  contour  of  the  un- 
derlying soil  also  occurred.  For  this  reason  the  speaker  cannot  agree 
with  the  author's  recommendation  of  this  type  of  bracing. 

The  speaker  would  recommend  a  structural  frame  of  steel,  in 
which  the  column  splices  are  so  thoroughly  well  designed  as  to  make 
the  columns  practically  continuous  from  bottom  to  top;  a  system  of 
curved  knee-braces  made  of  two  angles,  connecting  girders  to  columns, 
strong  enough  to  resist  wind  pressure,  but  not  stiff  enough  to  deform 
columns  or  girders  in  case  of  unequal  settlement  of  foundations;  and 
flexible  connections  between  girders  and  columns,  which  would  allow 
such  movements  to  take  place.  The  curved  knee-braces,  in  such  an 
event,  would  bend  without  injuring  the  columns  or  girders,  and  the 
building  could  be  restored  to  its  proper  level  by  using  wedges  and 
hydraulic  jacks  under  the  columns. 

This  principle  of  construction  has  been  used  by  the  speaker  in  the 
structural  design  of  the  Hoboken  Terminal  of  the  Lackawanna  Rail- 
road. The  conditions  which  had  to  be  met  in  this  structure  were  that 
it  should  be  fire-proof,  that  it  should  be  designed  so  that  unequal 
settlement  of  the  foundations  would  not  injure  the  steel  frame  or  the 
walls,  and  that  it  should  be  capable  of  withstanding  the  vibratory 
shock  due  to  the  accidental  ramming  of  a  heavy  ferry-boat.  The  con- 
ditions, therefore,  approximated  on  a  small  scale  those  existing  dur- 
ing an  earthquake,  and  the  system  of  curved  knee-braces  mentioned 
above  was  used.  The  walls  and  floors  were  made  of  reinforced  con- 
crete securely  tied  to  the  steel  frame.  This  method  of  construction 
has  proven  entirely  satisfactory  in  every  way.  Settlements  of  as  much 
as  5  in.  have  occurred  in  the  foundations  without  injuring  the  steel 
frame  or  walls  of  the  structure.     The  speaker  was  led  to  develop  this 
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method  of  construction  by  conclusions  derived  from  an  examination  Mr.  stem, 
of  old  pier  sheds  supported  on  poor  foundations,  along  the  river  fronts 
in  New  York.  Some  of  these  had  stiff  riveted  connections  between 
girders,  trusses,  and  columns.  One  case  was  of  significant  interest, 
the  columns  being  bent  almost  2  in.,  due  to  the  twisting  action  of  the 
girders  connected  thereto,  on  account  of  unequal  settlement  of  the 
foundations  under  the  columns. 

The  recommendations  of  the  author,  Nos.  Ill  and  IV,  regarding 
reinforced  concrete  walls  and  floor  slabs,  coincide  with  the  speaker's 
views  and  recommendations  in  his  discussion  on  "The  Effects  of  the 
San  Francisco  Earthquake."*  The  speaker  believes  in  the  use  of  steel 
girders  and  joists  in  the  floor  system  to  avoid  long-span  reinforced 
concrete  slabs. 

The  author  makes  no  recommendations  as  to  a  very  vital  question, 
namely,  limitation  of  the  height  of  buildings.  It  is  not  necessary  to 
state  that  the  knowledge  in  the  hands  of  engineers  to-day  permits 
them  to  erect  structures  of  almost  any  height,  but  a  very  important 
question  arises :  whether  it  is  proper,  from  the  standpoint  of  those 
inhabiting  them,  to  construct  high  buildings  in  districts  subject  to 
earthquake  visitations.  The  speaker  submits  that  it  is  indisputable 
that  the  lower  the  building  the  safer  it  can  be  made,  and  the  more 
easily  repaired  in  case  of  damage.  What  the  limiting  height  should 
be  is  of  course  a  question  for  consideration.  Real  estate  interests  would 
oppose  such  a  limitation,  but  the  more  important  consideration,  that 
of  the  safety  of  the  public,  should  be  paramount. 

In  high  buildings  the  diflBculty  of  providing  proper  methods  of 
construction  to  withstand  earthquake  shocks,  of  rectifying  damages  to 
foundations,  etc.,  and  of  controlling  the  conflagrations  which  usually 
accompany  these  disasters,  are  matters  of  such  vast  importance  to  the 
welfare  of  the  community  that  real  estate  interests  should  be  made 
subservient  to  them. 

R.  S.  Chew,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — In  reference  to  Mr.  Chew. 
Mr.  Waite's  illustration  as  to  the  working  of  a  horizontal  engine,  the 
writer  cannot  see  where  the  results  are  not  similar.  Although  it  is 
true  that  there  is  no  wind  on  the  leeward  side  of  a  building,  yet  there 
is  a  sheering  stress  transferred  through  by  the  girders,  so  that  both 
windward  and  leeward  columns  on  a  narrow  building  are  assumed  to 
get  wind.  Wind  attacks  the  structure  throughout  its  height  (the  forces 
acting  at  the  several  stories)  and  produces  a  horizontal  reaction  at 
the  base. 

Earthquake  shocks  reverse  this,  attacking  the  building  at  the  ba.se, 
producting  this  reaction,  as  it  were,  and,  by  deformation,  forcing 
stresses  throughout  the  building  to  counteract  it.  The  effect  on  the 
structure  is  the  same  in  both  crses.     Of  course,  as  stated  in  the  paper, 

*  Tranaactions.  Am.  Roc.  C.  E.,  Vol.  LTX.  pp.  373  etseq. 
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Mr.  Chew,  the  effect  is  aggravated  by  the  return  movement  of  an  earthquake. 
With  respect  to  vibration,  Mr.  Waite's  idea  coincides  with  the  theory 
in  the  paper,  but  the  writer  fails  to  see  how  a  properly  braced  build- 
ing can  escape.  With  a  given  movement  of  the  foundation  there  ap- 
pear to  the  writer  to  be  only  three  results :  First,  if  the  columns  in  the 
first  tier  are  long  and  not  kneed,  they  would  take  nearly  all  the  move- 
ment, and  probably  fail,  as  noted  in  the  paper;  second,  if  the  building 
is  properly  braced,  the  total  movement  is  distributed  through  the 
structure;  third,  if  the  building  were  monolithic,  it  would  attempt  to 
follow  the  movement  as  a  whole,  and  thereby  fail  by  the  heavy  shear- 
ing forces  produced.  The  illustration  of  a  pile  of  bricks  would  come 
under  the  third  class. 

Again,  in  wind  bracing,  it  is  assumed  by  some  designers  that  50% 
of  the  wind  stress  is  resisted  by  the  floor,  or  internal  work.  This  simply 
means  that  certain  portions  of  the  structure  are  not  figured,  but  do 
resist.  In  an  earthquake,  every  column  gets  its  portion  of  work  to  do 
in  proportion  to  the  weight  carried,  so  that  each  brace  and  connection 
is  called  upon  to  perform  its  function;  therefore,  there  is  little  chance 
for  any  force  to  be  lost  in  internal  work. 

With  respect  to  wind  pressures  being  frequent  and  earthquakes  rare, 
it  may  be  noted  that  the  writer  advocates  a  structure  thoroughly  braced 
for  wind. 

As  to  reinforced  concrete  buildings,  the  writer  agrees  with  Mr. 
Waite  that  they  can  be  made  with  monolithic  connections,  but  is  still 
of  the  opinion  that  they  are  imsuited  for  earthquake  strains. 

In  reference  to  Mr.  Walker's  remarks,  the  writer  does  not  believe 
that  any  deeper  analysis  will  aid. 

Mr.  Stern's  recommendation  for  a  knee  brace  does  not  appeal  to  the 
writer.  Although  it  has  undoubtedly  fulfilled  its  function  in  the 
design  spoken  of,  yet  the  writer  does  not  see  how  it  would  act  in  a  high 
building.  If  a  building  happens  to  be  on  a  fault  line,  it  would  be 
wrecked  by  a  shock.  The  writer's  assumption  was  that  the  foundation 
settled  equally,  if  at  all;  he  purposely  omitted  any  reference  to  the 
height.  The  Call  Building  frame  (eighteen  floors)  withstood  both 
earthquake  and  fire,  and  is  an  example  of  what  a  steel  frame  can  do. 
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Skinner,  Henry  H.  Quimby,  Philip  Aylett,  and 

Lewis  D.  Rights. 


The  highway  bridge  across  the  Connecticut  River  at  Bellows  Falls, 
Vt.,  is  interesting  because,  in  the  United  States,  it  stands  alone  as  an 
example  of  a  through  arch  with  suspended  floor,  and  also  because,  as 
an  arch,  it  is  only  surpassed  in  span  by  the  two  deck  arches  at 
Niagara. 

The  residents  of  North  Walpole,  N.  H.,  depend  largely  on  the 
factories  at  Bellows  Falls,  Vt.,  for  their  employment,  and  on  the  stores 
for  their  trading.  To  reach  the  town,  they  were  compelled  to  xise  the 
old  wooden  toll  bridge  at  the  south  end,  or  venture  on  the  Sullivan 
County  (Boston  and  Maine)  Railroad  bridge,  or  patronize  a  rather 
uncertain  rowboat  ferry.  For  years  they  had  urged  a  more  con- 
venient crossing,  and  this  was  naturally  backed  up  by  the  merchants 
and  business  men  on  the  Vermont  side.  The  depth  of  the  river  at  this 
point,  about  25  ft.,  strong  objections  to  piers  above  the  mouth  of  the 
canal,  owing  to  the  vested  rights  of  the  Canal  Company,  and  the  free- 
ing of  the  old  toll  bridge  before  another  could  become  available,  were 
factors  contributing  to  the  delay  of  the  project,  which  resolved  itself, 
largely,  into  a  matter  of  cost. 

*  Presented  at  the  meeting  of  April  1st,  1908. 
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Early  in  the  spring  of  1904,  the  agitation  was  again  revived,  and 
interested  citizens  brought  forward  new  and  old  schemes.  One  that 
met  with  considerable  favor  was  to  locate  a  pier  on  the  rock  in  shallow 
water  just  above  the  angle  of  the  dam,  shown  on  the  map,  Fig.  1. 
This  permitted  the  use  of  two  spans,  but  made  it  necessary  that  these 
spans  should  be  at  an  angle  with  each  other  in  order  to  reach  con- 
venient landing  places  on  the  shores. 
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In  March,  the  two  towns,  at  their  annual  meeting,  voted  appropria- 
tions to  cover  the  cost  of  freeing  the  old  toll  bridge  and  building  a  new 
free  bridge,  and  appointed  a  joint  committee  to  receive  bids  and  enter 
into  a  contract  for  the  work.  The  committee  secured  some  preliminary 
estimates  on  the  various  schemes,  but,  owing  to  the  probability  that 
the  new  bridge  might  be  used  in  the  future  for  electric  cars,  it  did  not 
favor  the  plan  for  two  spans  at  an  angle,  but  preferred  a  single  span. 
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As  the  preliminary  estimates  for  a  single-span  bridge  were  unsatis- 
factory, some  members  of  the  committee  visited  Boston  and  appealed 
to  the  President  of  the  Boston  and  Maine  Railroad,  who  was  inter- 
ested to  the  extent  of  freeing  the  railroad  bridge  from  unauthorized 
foot  passengers,  and  who  responded  by  offering  the  services  of  J.  P. 
Snow,  M.  Am.  Soc.  C.  E.,  in  an  advisory  capacity.  Mr.  Snow  was 
naturally  familiar  with  the  general  surroundings,  but  did  not  feel 
that  conditions  warranted  the  preparation  of  an  elaborate  design; 
therefore,  he  drew  up  general  specifications,  and  called  for  bids,  re- 
questing each  bidder  to  submit  his  own  plans.  Among  the  designs 
submitted  were  several  for  truss  and  suspension  bridges,  but  all  the 
prices  were  greater  than  the  appropriation,  and  the  bids  were  rejected. 
Mr.  Snow  was  satisfied  that  a  bridge  could  be  built  within  the  specified 
sum,  and  recommended  the  employment  of  J.  R.  Worcester,  M.  Am. 
Soc.  C.  E.,  which  suggestion  the  committee  accepted.  Mr.  Worcester 
concluded  to  adopt  an  entirely  different  type  of  bridge,  and  decided 
that  a  three-hinged,  riveted  arch  with  suspended  floor  would  be  the 
most  artistic  and  suitable  structure  for  the  location.  He  drew  plans 
and  specifications,  and,  on  his  recommendation,  separate  bids  were 
asked  for  the  masonry  and  structural  steel.  The  results  of  the  com- 
petition were  satisfactory,  as  several  bids  were  received  which  were 
within  the  appropriation.  On  the  recommendation  of  Mr.  Snow,  the 
contract  for  the  masonry  was  awarded  to  Joseph  Ross  and  Sons,  of 
Boston,  and  the  superstructure  to  Lewis  F.  Shoemaker  and  Company, 
of  Philadelphia  and  New  York. 

Design. — As  will  be  seen  by  the  general  plan  and  stress  sheet,  Plate 
XXXIII,  the  bridge  is  about  650  ft.  long,  and  consists  of  a  single,  three- 
hinged,  arch  span,  540  ft.  from  center  to  center  of  end  pins,  with 
a  short  truss  span  at  the  west  end,  104  ft.  8  in.  from  center  to  center 
of  bearings.  This  short  span  was  necessary,  in  order  to  carry  the 
street  over  the  Rutland  Railroad.  It  will  be  noted  that  the  roadway 
is  on  a  grade  of  3.33%,  running  downward  from  the  short  span  to  the 
abutment  at  the  east  end.  The  height  of  the  main  arch  is  90  ft.  be- 
tween the  hinge  centers.  The  truss  chords  follow  the  lines  of  two 
parabolas  14  ft.  apart.  In  order  to  secure  simplicity  of  detail,  the 
trusses  do  not  diverge  at  the  bottom,  but  stand  in  parallel  vertical 
planes,  30  ft.  from  center  to  center.  This  provides  for  a  roadway,  20 
ft.  clear,  and  one  sidewalk,  6  ft.  wide,  as  shown  by  the  cross-section. 
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At  the  east  end  of  the  arch  an  abutment  has  been  provided,  and  at  the 
west  end  two  piers  take  the  thrust  of  the  main  arches,  and  support  the 
vertical  posts  which  carry  the  end  of  a  small  truss  bridge. 

The  floor  is  designed  for  either  a  live  load  of  100  lb.  per  sq.  ft.  or 
a  12-ton  wagon  load  on  two  axles,  10  ft.  from  center  to  center.  In 
addition,  provision  is  made  in  the  hangers  and  floor  beams  for  a  single- 
track  line  of  18-ton  electric  cars,  to  run  on  the  opposite  side  of  the 
bridge  from  the  walk.  The  connections  for  track  stringers  have  been 
provided  in  the  floor  beams,  and,  if  it  should  be  thought  advisable  in 
the  future  to  carry  the  trolley  line  over  to  the  New  Hampshire  side, 
it  can  be  done  at  a  very  small  expense. 

The  main  trusses  are  designed  for  a  live  load  of  60  lb.  and  for  a 
wind  load  of  40  lb.  per  sq.  ft.  The  floor  is  suspended  from  the  arches 
by  two  hanger  bars,  li  in.  square,  at  each  panel  point.  These  are  con- 
nected, with  2-in.  pins,  to  the  truss  at  the  top  and  the  floor  beams  at 
the  bottom.  The  hangers  can  only  take  the  vertical  load,  and  there- 
fore wind  chords  have  been  provided  in  the  planes  of  the  trusses  at 
the  level  of  the  roadway.  These  chords,  with  the  floor  laterals,  form  a 
horizontal  truss  which  carries  the  wind  stresses  to  the  abutments.  To 
prevent  complication  in  the  arch  stresses,  this  lateral  system  is  not 
attached  to  the  arches  rigidly,  but  has  expansion  joints  at  each  end 
transmitting  shea-'  only. 

The  unit  stresses  adopted  were : 
For  tension: 

Steel  for  floor 15  000 

Steel  for  trusses 16  000 

Laterals  17  000 

Wrought-iron  loop  rods 9  000 

For  compression: 

!Main  arch  chords 15  000 

13  500 
Struts 

;:3t)  000  r2 
For  pins  and  rivets : 

Shear  10  000 

Bearing  . .  .' 18  000 

Bending  on  extreme  fiber  of  pins ...     22  000 

Allowable  bearing  stress  for  concrete,  400  lb.  per  sq.  in. 
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Fig.  ].- Bellows  Falls  Arch  Bridge  in  Progress. 


Fig.  2.  — CoK.vECTiNG  Arch  at  the  Center. 
(Camera  pointed  upward  at  an  angle  of  45  degree.?. ■> 
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The  steel  was  furnished  in  accordance  with  the  specifications  of 
the  American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
ciation, the  ultimate  tensile  strength  being  60  000  lb.  per  sq.  in.  The 
flooring  timber  is  long-leaf  Georgia  yellow  pine  of  prime  quality. 

One  of  the  unique  features  of  the  design  is  the  arrangement  which 
Mr.  "Worcester  has  adopted  for  the  middle  of  the  arch.  It  will  be 
noticed  that,  instead  of  converging  the  chords  at  the  center  panels, 
in  order  to  take  the  stress  of  the  center  hinge,  he  has  taken  the  hori- 
zontal thrust  on  a  short  strut,  composed  of  two  15-in.  channels,  and 
has  then  divided  this  thrust  into  four  parts  at  the  intersection  of  the 
diagonals  in  the  panels  next  to  the  center.  In  this  way  he  has  secured 
the  architectural  features  of  a  two-hinged  arch  with  continuous  chords, 
adding  considerably  to  the  appearance  of  the  bridge.  It  will  also  be 
noticed  that  he  has  dispensed  with  the  pin  at  the  center,  the  struts 
merely  bearing  against  one  another  with  faced  ends. 

In  order  to  avoid  the  optical  illusion  of  a  sag  in  the  suspended  floor, 
this  was  cambered  18  in.  at  the  center  of  the  arch.  It  was  felt  that 
this  camber  would  take  care  of  any  slight  deflection  due  to  live  load, 
and  the  design  and  details  of  the  arch  were  developed  on  theoretical 
lines,  with  no  provision  in  the  arch  for  either  live-  or  dead-load  camber. 

Erection  Design. — In  securing  data  for  the  preliminary  design  for 
the  estimate  of  the  cost  of  erection,  the  idea  of  building  towers  some 
distance  apart  and  erecting  the  trusses  by  the  cantilever  method,  sug- 
gested itself  to  the  writer,  the  main  question  being  to  determine  the 
economic  spacing  of  these  towers.  As  it  was  not  considered  advisable 
to  do  any  riveting  until  the  arch  was  swung,  it  was  necessary  to  plan 
to  bolt  all  connections  temporarily.  The  strength  of  these  bolted  con- 
nections, therefore,  was  a  factor  in  the  length  of  the  cantilever.  An- 
other consideration  was  the  distance  that  material  could  be  handled 
satisfactorily  with  a  standard  60-ft.  steel  boom.  The  writer  made  a 
design,  and  decided  that  a  span  of  six  panels,  or  about  80  ft.,  would 
give  the  best  results.  The  sizes  and  details  were  then  developed  in 
the  drawing  room,  under  the  direction  of  the  chief  engineer. 

On  account  of  the  narrow  width  of  the  structure  in  comparison 
with  its  height,  the  center  falsework  towers  were  battered  in  the  plane 
at  right  angles  to  the  bridge,  thus  enabling  them  to  withstand  better 
the  shock  of  winter  storms  or  floating  ice.  The  general  elevation  of 
the  falsework  towers  is  shown  on  Plate  XXXV,  which  indicates  the 
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number  and  spacing  of  the  pile  supports.  The  details  of  the  center 
bents,  F,  F^,  and  F^,  are  shown  by  Fig.  2,  which  gives  the  size  of  the 
main  posts  and  bracing,  and  indicates  the  splices  and  number  of  bolts. 


Ifl'xIO'iJS' 


DETAIL  OF 

BENTS  F.  F^.    AND  F„ 

Bents  F  and  F^  are  as  shown. 

Bent  Fj  has  outside  post  only, 

and  DO  brstcing. 


Fio.  3. 

It  was  considered  advisable,  on  account  of  the  switching  facilities, 
to  unload  the  material  on  the  Vermont  side  of  the  bridge  and  carry 
those  pieces  required  for  the  east  side  on  a  standard-gauge  service 
track  running  between  the  towers,  along  the  center  line  of  the  bridge. 
A  10-ton  stiff-leg  dei-rick  was  placed  on  the  west  shore,  to  unload  ma- 
terial from  the  cars  and  transfer  it  to  the  trucks  on  the  service  track. 
Two  30-h.p.  hoisting  engines,  with  two  drums  and  four  spools  each, 
were  located  at  Bent  E  to  raise  the  steel. 


BELLOWS  FALLS.  VT 


ROCKINGHAM,  VT, 
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Erection. — Tbe  masonry  plans  provided  for  piles  to  be  driven  in 
the  foundations  for  the  arch,  and,  as  the  masonry  contractor  was  well 
equipped  to  do  the  work,  the  contract  for  furnishing  and  driving  the 
piles  for  the  falsework  was  sublet  to  him.  The  water  has  an  average 
depth  of  about  25  ft.,  and  the  bottom  is  hard  gravel.  Spruce  piles 
were  specified,  in  order  that  they  might  be  sold  to  the  pulp  mills  after 
the  work  was  completed.  They  were  driven  from  8  to  10  ft.  into  the 
bottom,  and  were  cut  off  and  capped  about  3  ft.  above  the  low-water 
line.  The  falsework  towers  were  completed  in  November,  and  the  shoes 
were  set  on  December  6th,  1904. 

Two  gangs  were  started,  one  from  each  end  of  the  arch,  and  the 
rivalry  between  them  helped  not  a  little  in  the  rapid  erection  of  the 
work.  The  severe  weather  of  the  winter  of  190-1-05  will  no  doubt  be 
remembered,  but,  even  in  that  latitude,  there  were  breaks  in  the  cold, 
and  on  two  separate  days  considerable  rain  fell.  The  fear  that  the 
ice  might  go  out,  which  would  mean  taking  out  the  falsework  and 
everything  with  it,  was  a  constant  incentive  to  hasten  the  erection  in 
every  way  possible.  Il  had  not  been  the  intention  to  do  any  work  on 
the  ice,  but  after  it  had  frozen  to  the  thickness  of  about  2  ft.,  it  was 
found  to  be  very  convenient  when  assembling  the  chords,  which  were 
handled  in  two  sections  of  four  panels  each.  The  ice  also  acted  as  a 
hindrance,  for  when  the  canal  gates  were  closed,  on  Sundays  and 
holidays,  the  river  rose  about  IS  in.,  and  it  was  necessary  to  keep  the 
ice  chopped  free  from  the  piles. 

When  the  ice  first  began  to  form  about  the  falsework,  the  structure 
showed  a  tendency  to  move  down  stream.  This  was  carefully  noted, 
account  of  it  being  taken  in  placing  the  steel.  When  the  arch  was 
swung,  some  of  the  bents  were  found  to  have  moved  down  stream  about 
■i  in.  As  the  load  was  put  on  the  falsework,  some  of  the  bents  sank 
slightly,  but  this  settlement  was  adjusted  with  wedges  under  the  block- 
ing at  each  point  of  support. 

The  two  end  panels  of  the  lower  chord  and  the  end  panel  of  the 
upper  chord  were  shipped  riveted  together.  These  members,  each 
weighing  about  8  tons,  constituted  the  heaviest  pieces  to  be  handled. 

In  beginning  the  erection,  the  shoes  and  end  panels  of  the  west 
end  were  set  with  the  stiff-leg  derrick  used  for  handling  material  from 
the  siding  to  the  material  trucks.  On  the  east  end  a  gin  pole  was  placed 
to  set  the  shoes  and  end  panels.    Provision  had  been  made  in  the  plans 
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for  a  clearance  of  4  in.  behind  the  steel  shoes.  As  soon  as  the  shoes 
and  the  first  panels  had  been  set  and  lined  up,  this  space  was  filled  with 
concrete. 

Two  standard  steel  booms,  A  and  D,  Plate  XXXV,  of  10  tons 
capacity,  were  erected  at  Bents  E,  and  with  these  the  steelwork  was 
erected  so  as  to  rest  on  top  of  the  falsework  at  these  bents.  Booms 
B  and  C  were  then  erected  at  Bents  E^,  and,  with  the  assistance  of  the 
first  two  booms,  the  structure  was  laid  across  the  E  towers.  Booms 
A  and  D  were  then  taken  down  and  re-erected  at  Bents  F,  thus  giving 
two  booms  to  handle  the  material  over  the  80-ft.  space  between  Bents 
E„  and  F.  The  arrangement  of  the  booms  in  this  last  position  is 
shown  clearly  on  the  progress  photograph.  Fig.  1,  Plate  XXXTV.  The 
lower  chords  for  two  sections  of  four  panels  were  assembled  on  the  ice, 
with  the  first  diagonal  at  Bent  E^  attached  to  them.  Then,  while 
Booms  A  and  D  held  up  the  material.  Booms  B  and  C  were  used  to 
fill  in  the  web  members  and  put  on  the  top  chord.  The  last  section 
of  bottom  chord  from  the  cantilevered  end  to  Bent  F  was  placed  by 
Booms  A  and  D,  which  filled  in  the  web  members  and  the  top  chord. 
While  this  was  being  done.  Booms  B  and  0  were  taken  down  from 
their  first  position  and  re-erected  at  Bents  F.^.  The  steelwork  was 
carried  across  the  F  towers,  and  the  erection  of  the  80-ft.  space  be- 
tween them  was  taken  care  of  by  these  two  booms.  The  photograph. 
Pig.  2,  Plate  XXXIV,  was  taken  with  the  camera  pointed  almost 
directly  up  at  the  work,  and  shows  the  connection  of  the  lower  chords 
of  the  arch  members  at  the  center. 

To  overcome  the  natural  tendency  of  the  chords  to  lengthen  during 
erection,  and  to  adjust  any  slight  errors  in  the  measurement  between 
the  end-pin  centers,  the  details  at  the  center  were  arranged  to  allow  a 
slight  leeway  at  the  meeting  points.  The  chords  and  the  vertical  posts 
at  the  center  were  set  back  2  in.  on  each  half  from  the  center  line, 
making  a  total  clearance  between  them  of  4  in.  The  center  strut  pro- 
jected a  little  beyond  the  vertical  posts,  but  was  set  back  li  in.  from 
the  center  line  on  each  half,  making  a  total  clearance  of  3  in.  between 
the  bearing  points.  With  the  intention  of  being  able  to  take  up  the 
theoretical  opening  of  3  in.  and  for  any  adjustment  that  it  might  be 
necessary  to  make,  6  in.  of  fillers  were  provided.  When  the  trusses 
reached  the  F  tower,  it  was  found  that  the  erector  had  failed  to  make 
sufficient  provision  for  the  settling  of  the  falsework  at  Bents  D  and  E. 
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Pig.  1.— Thl  Bellow?  Fails  Arch  Bridge. 


Fig.  2.— Exu  View.  Bellows  Falls  Arch  Bridge. 
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The  result  was  that  the  arch  was  low,  and  measurements  showed  tliat 
the  steelwork  would  overlap  at  the  center.  The  trusses  were  raised  to 
their  proper  height  by  wedges  at  the  tops  of  all  the  towers.  When  the 
steelwork  was  joined  at  the  center,  it  was  found  that  it  had  slightly 
over-run  the  calculated  distance.  Instead  of  3  in.  of  fillers,  theoreti- 
cally needed,  a  thickness  of  only  li  in.  was  required. 

As  soon  as  the  work  was  connected  up  it  was  thoroughly  bolted. 
The  web  members  were  fastened  with  bolts  in  75%  of  the  holes,  and 
the  chords  with  bolts  in  50%  of  the  holes.  When  this  was  done,  the 
wedges  were  knocked  out  and  the  arch  ribs  were  swung  off.  As  the 
only  load  the  arch  ribs  had  to  support  was  that  of  the  steel  in  the 
trusses,  the  deflection  at  the  time  of  swinging  off  was  comparatively 
small.  The  erection  superintendent  reported  that  the  settlement  at 
the  crown  was  about  1^  in. 

The  trusses  were  connected  and  swung  off  on  January  10th,  1905, 
making  a  total  of  35  days  from  the  time  of  setting  the  shoes  until  the 
arches  were  swung  off.  From  this  time  should  be  deducted  one  holi- 
day, three  Sundays,  and  three  days  of  cold  or  wet  weather,  which  gave 
an  actual  working  period  of  28  days.  During  a  good  portion  of  this 
time  the  thermometer  was  about  at  zero,  which  made  it  difficult  for 
the  men  to  work  actively. 

The  falsework  was  taken  down  the  day  after  the  arches  were  swung 
off,  and  the  erection  gang  started  from  both  sides  to  put  in  the  hanger 
rods  and  place  the  steelwork  of  the  floor  system.  The  wood  floor  was 
not  put  on  at  this  time,  so  that  no  local  deformation  of  the  arch  ribs 
was  noticed.  While  the  steel  floor  system  was  being  placed,  other  gangs 
adjusted  the  bracing  and  lined  up  the  arches.  It  had  been  the  inten- 
tion to  do  the  field  riveting  with  pneumatic  riveters,  but  a  day  before 
the  riveting  was  to  begin,  the  tool-house  was  destroyed  by  fire,  and  the 
compressor  was  injured  so  that  it  could  not  be  used  for  this  work. 
Eight  gangs,  of  four  men  each,  drove  the  field  rivets  by  hand.  As  soon 
as  the  weather  would  allow,  the  field  painting  was  completed  and  the 
wood  floor  laid.  The  finished  bridge  is  shown  by  Figs.  1  and  2,  Plate 
XXXVI. 

Thirty-six  men  were  employed  when  the  erection  of  the  steelwork 
began,  and  the  number  was  increased  afterward  to  forty-five.  The 
weight  of  the  structural  steel  was  450  tons  for  the  main  arch  span, 
and  75  000  ft.,  B.  M.,  of  lumber  were  used  in  the  floor.  The  contract 
price  for  the  masonry  was  $6  000,  and  for  the  superstructure  $41  000. 
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Credit  for  the  work  should  be  given  to  Mr.  J.  H.  Fichthorn,  Chief 
Engineer  for  Lewis  F.  Shoemaker  and  Company,  and  to  Mr.  A.  L. 
Westbrook,  Field  Superintendent.  The  writer  also  wishes  to  ex- 
press his  thanks  to  Messrs.  J.  P.  Snow  and  J.  R.  "Worcester  for  the 
information  furnished  for  the  preparation  of  this  paper. 
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DISCUSSION. 


J.  K.  Worcester,  M.  Am.  Soc.  C.  E.  (by  letter). — In  connection  Mr.  Worcester, 
with  the  author's  description  of  the  ingenious  method  of  erection  of 
the  structure,  devised  by  himself,  he  has  covered  quite  fully  the  de- 
sign of  the  bridge  and  the  conditions  which  led  to  the  adoption  of  this 
type.  He  has  generously  omitted  reference  to  one  bad  feature  of  the 
design,  however,  which  should  be  recorded. 

It  may  possibly  be  surprising  to  some  that  a  design  for  an  arch 
should  have  proved  more  economical  than  for  a  suspension  bridge. 
The  reason  for  this,  however,  is  apparent,  upon  consideration  of  the 
profile  through  the  location.  At  the  east  end,  the  main  supporting 
pier  could  not  be  located  in  the  river,  and,  on  account  of  the  steep 
bank,  the  end  of  the  bridge  could  only  have  been  located  from  30  to 
40  ft.  back  of  the  main  pier,  making  it  impossible  to  utilize  an  anchor 
span.  This  is  also  true  to  some  extent  at  the  west  end.  The  anchors, 
therefore,  would  have  had  to  be  carried  back  some  distance  on  private 
property,  and  would  have  been  troublesome  to  locate.  Moreover,  the 
length  of  the  main  cable,  in  all,  would  have  been  fully  twice  the 
length  of  the  chords  of  the  arch. 

Another  element  of  economy  for  the  arch  was  found  in  the  possi- 
bility of  obtaining,  in  the  natural  river  banks,  unlimited  horizontal 
resistance  for  the  thrust.  The  underlying  gravel  stratum  was  so  hard 
that  piles  would  probably  have  been  unnecessary,  but  they  were  used 
as  an  additional  precaution  in  case  any  future  shifting  of  the  current 
should  tend  to  undermine  the  banks,  which,  nevertheless,  were  well 
protected  with  rip-rap.  The  economy  of  the  foundations  was  very 
largely  dependent  upon  the  low  spring  of  the  arch,  and  this  elevation 
was  intentionally  determined  at  such  a  level  that  extreme  freshets 
would  rise  above  the  lowest  steel,  but  that  only  on  exceptional  oc- 
casions the  steel  would  be  submerged.  The  reasoning  that  justified 
this  decision  was  that  an  annual  wetting  could  be  no  more  harmful 
than  ordinary  weather  conditions.  It  was  thought  by  the  writer  that, 
of  necessity,  all  ice  would  have  passed  out  before  the  river  could  rise 
to  the  height  of  the  steelwork,  or,  at  least,  that  the  ice  would  have 
become  sufficiently  broken  up  to  be  harmless.  This  opinion,  it  ap- 
pears, was  based  upon  insufiicient  knowledge  of  the  location,  for, 
during  the  first  spring  freshet  which  occurred  after  the  bridge  was 
built,  the  water  rose  to  a  level  just  above  the  main  pin,  to  which  the 
laterals  are  connected,  and  there  was  ice  enough  at  the  time  to  break 
a  forging  at  one  of  the  four  corners. 

To  avoid  future  danger  from  this  cause,  the  writer  suggested  that 
a  reinforced  concrete  slab  be  constructed  between  the  chords  of  the 
trusses,  and  extended  to  the  level  of  extreme  high  water;  and,  as  there 
remained  a  small,  unexpended  balance  of  the  original  appropriation, 
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Mr.  Worcester,  the  towns  favored  the  suggestion,  and  went  so  far  as  to  put  in  the 
necessary  steel  beams  for  the  support  of  the  slab.  This  was  not  done, 
however,  till  late  in  the  fall  of  1905,  and  it  did  not  seem  wise  to  at- 
tempt to  put  in  the  concrete  that  winter.  Forms  for  the  concrete 
were  designed,  therefore,  in  such  a  way  that  they  would  form  in 
themselves  a  substantial  protection  from  the  ice,  and  tend  to  allow  it 
to  slip  by  without  jamming  against  the  steelwork.  The  intention  was 
to  proceed  with  the  concrete  the  next  season,  but,  as  it  happened  that 
the  forms  shielded  the  bridge  efficiently  without  it,  this  work  has  not 
yet  been  put  in,  and  the  ice  has  passed  out  of  the  river  for  three 
years  without  further  trouble.  The  wooden  forms  may  be  seen  in  the 
photographs  of  the  finished  bridge  shown  on  Plate  XXXVI. 

While,  therefore,  it  may  justly  be  argued  that  it  was  a  mistake  to 
locate  the  spring  of  the  arch  so  low,  it  was  undoubtedly  much  more 
economical  to  do  this  and  to  provide  a  very  thorough  concrete  pro- 
tection for  the  exposed  portions  of  the  steelwork  than  it  would  have 
been  to  raise  the  skewback,  thereby  increasing  enormously  the  cost 
of  the  foundations. 

The  appearance  of  the  bridge  has  been  referred  to  by  many  in 
complimentary  terms,  but,  if  it  has  a  good  appearance,  it  is  due  solely 
to  the  lines  of  strict  utility  being  graceful.  The  only  end  in  view  in 
its  design  was  to  accomplish  the  object  with  the  least  possible  ex- 
pense. To  the  writer's  mind,  the  drawing  together  of  the  chords  at 
the  end  pins,  however  desirable  from  engineering  consideratioiis,  is  a 
serious  blemish  from  an  aesthetic  standpoint.  Moreover,  the  grade  of 
the  roadway,  though  not  very  noticeable  in  the  photographs,  is  an 
unpleasant  feature  from  a  broadside  viewpoint.  To  have  made  the 
most  of  the  artistic  possibilities,  it  would  have  been  desirable  to  have 
added  masonry  towers  over  the  spring  of  the  arch,  as  in  similar  bridges 
across  the  Rhine;  but  such  features,  unfortunately,  can  rarely  be  af- 
forded in  the  United  States. 
Mr.  Snow  J.  P.  Snow,  M.  Am.  Soc.  C.  E.  (by  letter). — When  the  writer  was 
requested  to  confer  with  and  advise  the  committee  handling  the 
Bellows  Falls  Arch  Bridge,  plans  and  bids,  from  various  firms,  for 
a  bridge  of  two  spans  with  the  pier  located  so  that  there  was  a  sharp 
angle  between  the  lines  of  the  spans,  were  at  hand.  It  was  apparent 
that,  although  the  committee  had  called  for  bids  on  this  lay-out,  it 
had  become  convinced  that  an  angle  was  objectionable;  and,  as  the 
owners  of  the  water-power  objected  to  a  pier  on  a  direct  line,  there 
was  no  alternative  but  a  single  span.  New  bids  were  called  for,  under 
a  general  specification,  as  stated  by  the  author,  but,  of  the  designs 
submitted,  none  that  could  be  built  for  a  sum  less  than  one  and  one- 
half  times  the  amount  available  was  at  all  satisfactory. 

Rather  than  accept  an  unsatisfactory  design  the  members  of  the 
committee  consented   to   the   engagement   of  Mr.    Worcester,  who   as- 
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sured  them  that  a  bridge  of  the  arch  type,  satisfactory  to  the  writer,  Mr.  snow, 
could  be  built  within  the  available  means.  Bidding  plans  and  a  speci- 
fication were  prepared,  and  the  proposals  justified  Mr.  Worcester'* 
position.  It  is  interesting  to  note  that  the  bidders  who  had  previously 
presented  designs  did  not  appear  on  the  scene  when  a  definite  plan 
was  issued. 

The  material  was  inspected  by  Henry  B.  Seaman,  M.  Am.  Soc. 
C.  E.,  and  the  field  work  by  Mr.  C.  H.  Restall,  under  the  direction  of 
the  writer.  The  shop  work  was  exceptionally  good,  and  much  credit 
is  due  to  the  contractors  for  their  painstaking  care,  and  to  the  erection 
force  for  their  courage  and  resourcefulness  in  setting  up  the  bridge 
under  difficult  conditions.  The  erection  of  bridges  over  New  England 
rivers  in  the  winter  is  hazardous;  broadly  speaking,  it  implies  bad 
management  somewhere.  In  the  present  instance,  the  error  arose 
from  the  loss  of  time  in  the  early  part  of  the  season  by  the  committee 
while  learning  how  to  buy  a  bridge.  No  time  was  lost  by  the  con- 
tractors after  the  work  came  into  their  hands. 

The  towns  may  well  congratulate  themselves  on  their  bridge.  It 
represents  considerably  more  value  than  their  payments  covered. 

F.  W.  Skinner,  M.  Am.  Soc.  C.  E. — Everybody  admires  a  great  Mr.  sk-inner. 
engineering  work  which  is  designed  and  built  conservatively,  thor- 
oughly, slowly,  and  deliberately,  sometimes  even  ponderously.  Every- 
thing is  done  with  great  care  and  forethought,  and  with  perfect  ap- 
paratus. All  the  appliances  are  complete,  and  the  entire  construction 
is  worked  out  in  the  most  minute,  most  solid,  and  most  monumental 
manner. 

There  is  no  doubt  that  such  works  are  great  engineering  triumphs, 
but,  in  achieving  them,  the  engineer  often  deviates  very  little  from 
established  precedent,  even  though  the  construction  is  on  a  larger 
scale  than  usual,  and  the  speaker  thinks  that  such  construction  does 
not  lead  to  professional  progress,  or  at  least  to  as  great  an  extent  as 
desirable. 

All  admire  the  great  Forth  Bridge,  with  its  unprecedented  span, 
but  its  weight  and  cost  were  great,  and  it  took  a  long  time  to  build. 
This  is  true  of  many  other  engineering  works.  The  speaker  has  in 
mind  an  illustration,  doubtless  quite  familiar  to  many,  showing  that 
extremely  careful  and  costly  engineering  constructions  are  sometimes 
inadvisable,  and  by  the  use  of  more  rapid,  more  daring  and  original 
methods,  work  can  be  executed  which  might  otherwise  fail. 

In  New  York  City,  not  very  long  ago,  there  was  an  important  piece 
of  engineering  work,  on  which,  before  completion,  radical  repairs  or 
changes  were  found  to  be  necessary.  An  estimate  was  obtained,  from 
an  engineer  eminent  in  that  particular  class  of  work,  which  involved 
the  expenditure  of  somewhat  more  than  $1  000  000.  Eventually,  the 
changes  were  effected   for  $100  000,  by  an  entirely  different  method. 
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sir.  Skinner,  devised  by  a  member  of  this  Society.  This  method  was  considered 
daring  and  impracticable  until  the  contrary  was  demonstrated  by  its 
unquaKfied  success.  Therefore,  considering  the  greatest  good  to 
humanity,  the  greatest  advances  seem  to  be  made  by,  and  the  greatest 
praise  to  be  due  to,  the  engineer  who  accomplishes  the  best  results,  with 
the  least  money,  with  the  greatest  safety,  and  in  the  quickest  time. 

Judged  by  that  standard,  and  by  the  results  obtained,  the  designers 
and  constructors  of  the  Bellows  Falls  Arch  Bridge  rank  very  high  in 
bridge  building. 

This  span  of  5iO  ft.,  with  its  substructure,  cost  only  $46  000,  or 
less  than  $3.50  per  square  foot  of  floor.  Such  a  result  is  unprecedented 
for  such  a  long  span.  The  erection  time  is  also  unprecedented,  for  it 
required  only  28  working  days.  In  Europe  a  year  or  two  would  gen- 
erally be  taken  in  building  a  structure  of  that  kind. 

There  are  several  features  in  the  design  of  this  arch  which  com- 
mend themselves  to  every  bridge  engineer.  Among  them,  the  scheme 
of  making  the  crown  connection  with  plates  proved  a  very  happy  de- 
vice, not  usual  in  ordinary  practice.  The  construction  of  the  crown 
panel,  too,  is  advantageous. 

It  is  to  be  regretted  that  the  author  did  not  give  the  details  of  the 
members  and  connections,  and  it  is  hoped  that  he  may  yet  present  a 
paper  which  will  deal  with  these  features. 

In  the  erection  of  the  Bellows  Falls  Arch,  a  happy  mean  was  es- 
tablished between  a  self-sustaining  structure  and  a  mass  of  falsework 
by  giving  it  an  economical  amount  of  temporary  support,  and  the  re- 
sult abundantly  justified  the  means. 

Another  feature  in  the  erection  of  this  arch  is  its  exemplifica- 
tion of  the  fast  growing  tendency  to  utilize  the  great  advantages  of 
steel  derrick  booms  over  other  apparatus  for  handling  heavy  steel  mem- 
bers. These  booms  were  60  ft.  long,  but  ^Ir.  Eights,  if  he  were  repeat- 
ing the  work  to-day,  might  use  100-ft.  booms,  as  he  has  in  other  recent 
erections. 

The  Bellows  Falls  work  was  admirably  designed,  and  served  its 
purpose  thoroughly  well.  The  highest  compliment  that  can  be  paid  to 
the  bridge  is  to  compare  it  with  some  of  the  notable  bridges  of  similar 
type;  because  the  methods  used  in  their  erection  wiU  show  the  ex- 
cellence of  this  one  much  more  effectively  tlvin  any  assertions. 

The  following  description  covers  fairly  well  the  erection  features 
of  all  the  large  arch  spans  which  have  been  built : 

The  famous  Eads  Bridge — "the  Father  of  Arches" — had  three 
spans,  two  of  537  ft.  and  one  of  552  ft.,  which  were  noted  as  being 
the  longest  railroad  spans,  and  for  a  very  long  time  remained  the 
longest  arches.  They  were  made  with  four  ribs  or  trusses  with  steel- 
stave  chords  IS  in.  in  diameter,  and  were  erected  by  the  balanced. 
guyed,  cantilever  system.     The  trusses  of  adjacent   spans  were  built 
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Fig.  1. — Erection*  of  the  E.\ds  Bridge. 


~iG.  2,— Erection  of  the  Washi.vgtox  Bridge. 
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out  simultaneously  from  the  piers,  and  were  supported  l)y  an  elaborate  M>'.  Skinner, 
system  of  pruys  or  back-stays  reachinp:  from  tlie  successively  erected 
panel   points   of   the  trusses   back   to   the   tops   of   pairs   of   falsework 
towers  on  the  piers. 

Each  tower  was  a  pyramidal  skeleton,  50  ft.  hi^h,  with  a  24  by 
24-in.  oak  mast,  12  by  12-in.  batter  legs,  and  18  by  24-in.  oak  sills  set 
on  special  hydraulic  jacks.  The  skewbacks  were  tied  together  by  hori- 
zontal anchors  through  the  piers,  which  made  them  self-sustaining  for 
about  one-quarter  length,  beyond  which  the  two  middle  trusses  were 
supported  by  eye-bar  guys  with  sleeve-nut  adjustments  provided  with 
very  elaborate  falsework  supports,  set  on  top  of  the  trusses  to  diminish 
the  deflection.  The  center  panel  connections  were  made  by  using  the 
guy  adjustments  and  by  the  operation  of  the  jacks  imder  the  towers, 
which  moved  the  latter  vertically  6i  in.  Both  these  means  together, 
however,  were  not  adequate  to  provide  for  extreme  temperature  varia- 
tions, and  there  was  great  difficulty  in  making  some  of  the  connections. 
The  chords  were  packed  in  ice,  and  special  sections  were  cut  to  fit  the 
last  panels. 

At  the  shore  spans  special  anchorages  had  to  be  provided  to  secure 
the  ends  of  the  back-stays.  One  of  them  was  made  with  castings  set 
in  a  shaft  excavated  30  ft.  in  solid  rock,  and  the  other  with  a  horizontal 
oak  girder,  4  ft.  square,  engaging  a  quadruple  row  of  12  by  12-in. 
sheet-piles  driven  in  sand  in  the  bottom  of  a  deep  excavation.  All 
four  ribs  of  each  span  were  built  simultaneously  for  the  first  three- 
elevenths  of  their  length,  after  which,  work  on  the  outer  ones  was  sus- 
pended until  the  center  ones  were  completed.  These  then  served  as 
platforms  from  which  the  remaining  outer  ones  were  erected.  The 
materials  were  put  in  place  by  a  hand-power  traveler,  advanced  by 
rack  and  pinion,  and  equipped  with  four  derrick  booms.  The  maxi- 
mum clear  height  above  high  water  is  73  ft.  9  in.,  and  the  cost,  in- 
cluding that  of  the  difficult  substructure  and  approaches,  was  about 
$10  000  000. 

Fig.  1,  Plate  XXXVIII,  is  to  be  valued  for  its  historical  associa- 
tions. It  shows  the  Niagara  gorge  with  the  three  great  types  of  long- 
span  bridges,  all  built  without  falsework.  In  the  foreground  may  be 
seen  portions  of  the  original  railroad  suspension  bridge  of  800  ft. 
span,  with  steel  stiffening  trusses  which  replaced  the  original  trusses 
of  wood  and  iron  some  20  or  30  years  after  the  construction  of  the 
bridge.  In  the  background  is  the  second  cantilever  built  in  America, 
the  famous  work  of  C.  C.  Schneider,  Past -President,  Am.  Soc.  C.  E. 
Partly  completed,  and  in  the  same  plane  as  the  suspension  bridge,  is 
the  double-deck,  550-ft.,  spandrel-braced,  arch  span,  designed  by  L.  L. 
Buck.  M.  Am.  Soc.  C.  E.  This  arch  was  also  built  by  the  guyed 
cantilever  system.  The  trusses  were  assembled  entirely  by  small  over- 
head steel  gantry  travelers,  which  ran  on  the  new  top  chords,  outside 
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Mr.  Skinner,  of  the  old  Suspension  bridge,  and  allowed  the  traffic  to  be  maintained 
on  both  tracks  of  the  latter  while  the  new  bridge  was  being  built. 

The  adjustments  for  the  connection  of  the  center  panel  were  made 
by  slightly  revolving  the  semi-arch  trusses  about  their  skewback  pins 
by  using  a  toggle  inserted  in  a  chain  connecting  each  top  chord  vsdth  a 
temporary  anchorage  of  I-beams  bedded  in  concrete  in  chambers  ex- 
cavated for  the  purpose  in  the  solid  rock.  The  anchor  chains  were 
made  with  eye-bars  proportioned  for  stresses  of  1  000  000  lb.  per  truss, 
and  were  connected  to  parallelograms  of  eye-bars  with  vertical  screw 
diagonals  operated  by  sixteen  men  to  a  capstan-head,  thus  raising  or 
lowering  the  span,  as  required. 

The  construction  of  the  railroad  arch  was  soon  followed  by  that 
of  another  arch,  for  highway  traffic,  just  below  the  Falls.  It  has  a 
span  of  840  ft.,  is  about  200  ft.  above  the  water,  and  was  built  in  very 
much  the  same  manner,  but,  as  there  was  no  horizontal  top  chord  to 
form  part  of  the  anchorage,  the  guys  for  the  cantilevered  semi-trusses 
were  lines  of  eye-bars  attached  to  alternate  panel  points  on  the  top 
chords  as  fast  as  they  were  built  out.  These  were  adjusted  by  the 
same  toggle  which  had  been  used  on  the  railroad  arch. 

This  bridge  was  also  built  in  the  plane  of  an  existing  suspension 
bridge,  but  in  this  case  the  old  structure  was  used  for  the  support  of 
the  very  light  travelers  which  handled  the  members  for  the  arch  trusses, 
and  as  none  of  them  weighed  more  than  5  tons,  the  load  imposed  on 
the  old  bridge  was  very  small.  The  toggles  were  only  required  to 
lower  the  semi-arches,  and  this  they  accomplished  with  a  force  of 
twenty  men  on  each.  The  bridge  weighs  3  651  000  lb.,  and  was  erected 
by  100  men  in  about  3  months. 

The  Washington  Highway  Bridge  across  the  Harlem  River,  New 
York  City,  has  two  510-ft.  main  spans,  each  with  six  two-hinged  plate- 
girder  arch  ribs  of  90  ft.  rise  and  133  ft.  clear  height  above  high  water. 
The  ribs  have  a  uniform  depth  of  13  ft.,  and  the  flanges  are  curved 
to  parabolic  arcs  and  support  transverse  bents,  15  ft.  apart,  carrying 
the  floor  platform.  The  spans  were  erected  on  framed-trestle  false- 
work on  piles,  and  materials  were  delivered  from  a  service  track  at  the 
skewback  level,  parallel  to  the  bridge  axis,  to  the  erection  travelers  on 
the  top  flanges  of  the  arch  ribs.  The  travelers  consisted  of  pairs  of 
adjustable  stiff-leg  derricks  which  erected  the  six  ribs  simultaneously 
from  both  skewbacks  to  the  crown  and  then  moved  back  to  the  ends  of 
the  span  on  the  permanent  floor  which  they  erected  in  advance.  The 
channel  span  falsework  had  inclined  bents  providing  an  80-ft.  center 
opening  for  navigation.  The  ribs  were  swung  by  jack-screws  on  each 
falsework  bent.     Each  span  weighs  about  1  670  tons. 

The  Victoria  Bridge,  across  the  Zambesi  River,  in  Africa,  is  a 
double-track  railroad  structure  with  two-hinged  spandrel-braced  areb 
trusses  of  500  ft.  span,  400  ft.  above  the  water.     The  connections  are 
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Fig.  1,— The  Railroad  Suspension.  Railroad  Arch,  and  Cantilever  Bridges,  at 

Niagara. 


Fig.  2.— The  Highway  Suspension  Bridge  at  Niagara  Belng  Replaced  by  a  Steel 

Arch. 
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riveted,  but,  for  erection,  were  provided  with  2-in.  auxiliary  pins.    The  Mr.  Kkinner. 

trusses  are  in  battered  planes,  are  105  ft.  deep  at  the  skewbacks,  and 

15  ft.  deep  at  the  crown.    Half  of  the  1  650  tons  of  steel  in  the  bridge 

was  carried  across  the  gorge  by  a  cableway  of  10  tons  capacity,  with 

electric  mechanism  and  an  adjustable  shear-leg  tower.     A  line  carried 

across  the  gorge  by  a  rocket  was  the  first  step  in  the  erection  of  the 

cableway. 

The  arch  trusses  were  erected,  in  a  manner  similar  to  that  used 
in  the  Niagara  Railroad  Arch,  as  anchored  cantilevers,  fulcrumed  on 
their  skewback  bearings,  and  the  reactions  were  provided  for  by 
multiple  anchor  cables  carried  through  U-shaped  inclined  tunnels  in 
the  solid  rock,  and  adjusted  by  nuts  and  screws. 

The  erection  travelers  were  simple  platforms,  moving  on  the  hori- 
zontal top  chords,  and  provided  with  30-ft.  derrick  booms.  To  receive 
the  last  chord  section,  the  center  panel  opening  in  the  top  chord  was 
adjusted  by  hydraulic  jacks,  and  the  last  bearing  was  made  with 
planed  shim  plates.  A  safety  net  was  at  first  swung  under  the  travelers 
to  protect  the  workmen,  but  was  found  to  make  them  nervous.  Con- 
trary to  American  practice,  the  bridge  was  completely  assembled  in 
sections,  at  the  shops  in  England  where  it  was  fabricated,  thus  in- 
volving considerable  extra  expense.  The  trusses  were  erected  in  about 
5i  months. 

The  double-track,  Miingsten,  or  Kaiser  Wilhelm  Bridge,  across  the 
Wupper  River,  in  Prussia,  is  350  ft.  high,  and  has  a  clear  span  of  525 
ft.  The  riveted  trusses  are  battered  1  : 7,  and  were  built  as  guyed 
cantilevers  after  the  completion  of  the  skewback  towers  erected  on 
elaborate  and  heavy  falsework,  and  the  construction  of  the  approach 
spans,  erected  on  falsework  trusses.  These  were  assembled  on  the 
surface  of  the  ground  and  hoisted  bodily  to  position  on  top  of  the 
permanent  viaduct  towers,  a  proceeding  which  might  apparently  have 
been  as  well  applied  to  the  permanent  spans,  even  as  the  towers  might 
have  served  as  their  own  falsework. 

Both  arch  trusses  and  high-level  roadway  trusses,  supported  by 
spandrel  posts  on  the  arches,  were  erected  simultaneously  as  canti- 
levers. Materials  were  delivered  on  a  "low-level"  service  track  on  a 
falsework  bridge,  about  at  the  skewback  level,  high  above  the  surface 
of  the  water.  The  cable  guys  were  adjusted  by  hydraulic  rams,  and 
hydraulic  rams  were  inserted  in  the  crown  panel  to  release  the  lower 
chord  skewback  wedges  which  had  been  inserted  to  compensate  for 
deflection.  The  crown  joint  was  riveted,  and  then  the  final  stresses 
were  adjusted  by  hydraulic  jacks  at  the  skewbacks.  The  bridge  weighs 
5  622  tons,  cost  $1  230  000,  and  was  erected  in  22  months. 

The  single-track  Garabit  Viaduct,  in  France,  has  one  two-hinged, 
541-ft.  arch  span,  406  ft.  high,  with  riveted  trusses  having  a  great  rise 
and   carrying  spandrel  towers  which  support  the  roadway  trusses  of 
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Mr.  Skinner,  about  125  ft.  Span.  The  skewback  and  viaduct  towers  were  first 
erected,  and  then  the  approach  spans  were  erected  on  shore,  at  both 
ends  of  the  bridge,  and  launched  forward  by  protrusion  over  the  tops 
of  the  towers  until  they  projected  some  distance  beyond  the  arch  abut- 
ments. Locomotive  derricks  were  installed  on  them,  and  a  cableway 
was  set  up  with  its  towers  on  top  of  the  skewback  towers. 

With  these  tools,  the  arch  members,  delivered  on  a  low-level  serv- 
ice bridge  100  ft.  above  the  water,  were  erected,  the  two  end  panels  on 
each  side  being  assembled  on  falsework,  while  the  remainder  was  built 
out  simultaneously  from  each  abutment  as  cantilevers,  guyed  to  the 
tops  of  the  towers  by  28  steel  cables.  The  other  roadway  spans  were 
erected  simultaneously  as  cantilevers.  The  erection  lasted  about  -i 
years. 

The  four  200-ft.  spans  of  the  electric  car  bridge  across  the  Schuyl- 
kill River,  in  Fairmount  Park,  Philadelphia,  each  have  three  spandrel- 
braced  riveted  trusses,  and  were  erected  with  the  lower  chords  sup- 
ported on  pile  falsework.  Materials  were  delivered  on  a  track  laid 
on  the  bridge  floor,  and  were  handled  by  a  wooden  gantry  traveler,  72 
ft.  high,  with  a  23-ft.  overhang. 

The  Rochester  Driving  Park  highway  bridge  across  the  Grenesee 
River,  has  two  three-hinged,  spandrel-braced  arch  trusses  of  428  ft. 
span  which  were  erected  on  unusually  heavy  framed  falsework  more 
than  212  ft.  high,  with  a  wide  trussed  opening  over  the  river.  The 
truss  members,  having  a  maximum  weight  of  10  tons,  were  assembled 
by  a  16  by  30-ft.  wooden  tower  traveler,  28  ft.  high,  with  a  derrick 
boom  on  each  corner.  The  falsework  was  notable  for  its  great  strength 
and  rigidity,  equal  to  many  permanent  wooden  trestle  viaducts  for 
railroad  service. 

The  longest  arch  span  in  Europe  is  that  of  the  Bonn  Bridge,  614 
ft.,  which  was  erected  by  8-ton  electric  gantries  on  7-story  falsework, 
112  ft.  high,  with  two  trussed  openings  of  102  ft.  for  navigation. 
Upper  falsework,  long  since  obsolete  in  America,  was  built  above  the 
curved  bottom  chords  to  provide  a  horizontal  track  at  the  top  chord 
level  for  the  two  8-ton  electric  gantries  by  which  materials  were  hoisted 
from  boats  and  erected.  The  594^ -ft.  arch  span  of  the  Dusseldorf 
Bridge  was  erected  in  a  similar  manner,  its  falsework  being  provided 
with  a  164-ft.  trussed  opening  for  navigation. 

The  Lake  Street  highway  bridge,  across  the  Mississippi  River  at 
Minneapolis,  has  two  458-ft.  spandrel-braced  arch  spans.  These  were 
erected  on  falsework  120  ft.  high,  the  piles  having  been  driven  through 
the  ice.  The  falsework  terminated  at  the  curved  lower  chord,  and  the 
superstructure  was  erected  by  an  overhead  timber  tower  traveler  with 
hoisting  tackles  suspended  from  an  overhang,  which  traveled  on  the 
finished  deck  of  the  bridge.  This  method  necessitated  the  unusual 
procedure  of  erecting  the  arch  trusses  from  one  abutment  across  the 
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Fig  1 — The  Muxgsten.  or  Kaiser  "^ilhelm  Bridge. 


Fig.  2. — Erejtiox  of  the  Ml'xgsten.  or  Kaiser  Wilhelm  Bridge. 
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Mr.  skinuer.  entire  span  to  the  other  abutment  and  making  the  final  connection  at 
or  near  the  skewback  pin.  This  was  accomplished  successfully,  and 
without  diiEculty  in  adjusting  the  last  panel  members.  During  erec- 
tion, the  unbalanced  longitudinal  thrust,  due  to  unsymmetrical  loading 
on  the  falsework,  was  provided  for  by  very  heavy  inclined  timbers 
bracing  the  falsework  bents  diagonally  from  top  to  bottom. 

The  377-ft.  span  of  the  Kornhaus  Bridge,  in  Switzerland,  was 
erected  on  high  and  very  expensive  falsework  supporting  the  arched 
lower  chords  on  a  solid  convex  plank  floor  platform,  like  the  lagging 
for  a  masonry  arch,  above  which  upper  falsework  was  built  for  the 
erection  of  the  horizontal  roadway  trusses  supported  on  spandrel 
towers,  and  for  light  gantry  traveler  and  material  tracks  outside  the 
arch  trusses. 

The  Panther  Hollow  Bridge,  in  Schenley  Park,  Pittsburg,  has  one 
span  with  four  360-ft.,  thn  Mnged  spf-^.drel-braced  arch  trusses.  One 
peculiarity  of  this  erection  was  that  the  trusses  were  erecied  from  one 
abutment  to  the  crown  before  the  falsework  for  the  other  half  of  the 
-  span  was  built.  Field  connections  were  made  with  small  pins  at  panel 
points,  and,  after  the  arch  was  swung  and  these  connections  had  ad- 
justed themselves  to  the  dead-load  stresses,  the  joints  were  all  field- 
riveted,  on  the  assumption  that  the  rivets  would  carry  the  live-load 
stresses  of  the  bridge  in  service. 

One  of  the  most  elaborate  of  arch  span  erections  was  that  of  the 
Alexander  III  Bridge  across  the  Seine,  Paris,  which  has  fifteen  cast- 
steel  segmental  ribs  of  very  flat  curvature.  During  erection  these  were 
suspended  from  a  movable  overhead  falsework  span,  mounted  on  towers 
traveling  transversely  to  the  bridge  axis.  The  falsework  span  was  as- 
sembled on  shore  and  erected  by  protrusion  across  the  river,  with  an 
auxiliary  emergency  scow  under  the  forward  end.  The  span  was 
traversed  by  a  pair  of  trolleys  which  took  the  arch  segments  from  shore 
and  sustained  them  until  they  were  assembled  to  the  preceding  ones 
and  were  supported  by  temporary  suspension  from  the  trusses.  After 
a  pair  of  ribs  was  thus  simultaneously  erected,  the  pair  was  swung  by 
slacking  off  the  suspension,  and  the  traveler  moved  two  panels  forward 
and  erected  the  next  pair,  and  so  on. 

These  examples  illustrate  the  principal  types  of  long-span  arch 
erection,  and  describe  most  of  the  principal  structures'  thus  far  built, 
giving  a  general  idea  of  their  structural  characteristics  and  of  the 
time  and  cost  of  erection.  Only  two  or  three  of  them  have  spans  ex- 
ceeding that  of  the  Bellows  Falls  Bridge,  and  certainly  none  of  them 
was  erected  with  anything  like  its  economy,  or  with  as  small  a  force 
as  36  men,  or  in  so  short  a  time  as  28  days.  These  figures  and  the  total 
cost,  contrasted  with  those  of  the  other  bridges,  pay  a  higher  tribute 
to  the  skill  and  courage  of  the  designer  and  erector  than  any  mere 
compliment  or  admiring  criticism. 
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Mr.  Quimby.  Henry  H.  Quimby,  M.  Am.  Soc.  C.  E. — The  method  of  erection 
described  in  the  paper  is  interesting,  and  the  celerity  with  which  the 
work  was  accomplished  is  remarkable.  Good  fortune  also  seems  to 
have  attended  the  operation,  in  the  continued  stability  of  the  ice,  for, 
if  a  thaw  had  occurred,  it  might  have  caused  a  serious  disaster. 

The  statement  of  the  settlement  of  the  falsework  suggests  the 
question  whether  any  of  it  was  due  to  overloading  the  blocking.  To 
what  unit  pressure  was  the  wood  subjected?  A  recent  case  of  settle- 
ment of  falsework  was  found  to  have  been  due  to  the  fact  that  the 
unit  pressure  on  the  wood  was  sufficient  to  cause  it  to  yield  slowly  and 
keep  on  yielding  under  continued  load,  although  well  within  what  was 
regarded  as  a  safe  stress.  Saturation  by  rain  may  soften  the  wood 
enough  to  permit  compression  which  subsequent  drying  out  will  not 
recover. 

The  means  used  for  securing  proper  bearing  in  the  joints  of  the 
arch  are  not  mentioned  in  the  paper.  It  must  have  been  found,  how- 
ever, that  some  of  the  joints  did  not  meet  truly.  Was  any  fitting  re- 
quired, and  how  was  it  accomplished?  The  author  has  mentioned 
some  lining  or  shimming,  but  it  is  not  clear  whether  this  referred  to 
some  of  the  joints  or  to  the  packing  at  the  crown.  The  distribution 
of  the  stresses  in  an  articulated  arch  will  be  materially  affected  by  the 
fit  of  the  members.  Even  if  the  chords  be  brought  to  a  bearing  by 
some  fitting  of  the  connections  of  the  diagonals,  the  chord  joints  are 
likely  to  cause  trouble  by  being  out  of  true — the  faced  ends  not  in 
contact  throughout^unless  the  splices  are  made  of  the  full  strength, 
and  such  splices  are  generally  clumsy  and  expensive.  When  a  box- 
chord  in  compression  transmits  its  stress  through  a  faced  joint,  and 
the  contact  is  at  one  edge  only,  that  edge  or  flange  is  overloaded,  and 
if  the  eccentricity  be  sufficient  to  concentrate  the  whole  transmitted 
force  on  one  laced  flange,  the  resistance  of  the  lacing  there  may  be 
overcome  entirely,  and  then  the  burden  will  fall  on  the  other  and 
disaster  ensue.  It  seems  probable  that  this  was  the  process  of  the 
failure  of  the  Quebec  bridge  members,  whether  the  eccentric  joints 
were  due  to  errors  in  the  angle  of  facing  or  the  unavoidable  camber 
provision  for  relative  changes  of  direction  of  members  in  the  pro- 
gressive deflection. 

The  design  of  the  abutments,  though  not  forming  a  part  of  the 
subject-matter  of  the  paper,  is  referred  to  in  Mr.  Worcester's  com- 
munication, and  as  he  states  that  the  gravel  bottom  was  so  hard  that 
piles  would  probably  not  have  been  required,  it  becomes  of  interest  to 
learn  how  far  the  piles  that  were  used  were  driven  into  that  gravel, 
and  by  what  method,  and  what  proportion  of  the  load  it  was  thought 
they  could  bear. 

The  avowed  purpose  of  the  detail  at  the  crown — the  maintenance 
of  parallelism  in  the  chords — is  commendable,  as  is  also  the  character 
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Fig.  1.— The  Erection  of  the  Fairmocwt  Park  Bridge,  over  the  Schuykill  River, 
IN  Philadelphia. 


Fig.  2.— The  Erection  of  the  Rochester  Driving  Park  Bridge  over  the 
Genesee  River. 
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of  the  detail.  If  the  same  principle  had  been  applied  to  the  end  hinges  Mr.  Quimby. 
also,  the  appearance  of  the  structure  would  have  been  more  graceful, 
at  least  to  the  miscellaneous  eye.  This  is  the  plan  that  was  followed 
in  the  arches  of  the  Washington  Bridge,  over  the  Harlem  River,  New 
York  City,  where  the  fact  of  the  use  of  end  hinges  was  concealed  by 
continuing  the  full  depth  of  ring  close  to  the  skewback  and  stiffening 
the  web  for  the  pin  hinge  bearing.  If  the  fit  of  this  crown  key  is 
good,  the  detail  is  better  than  an  absolute  pivot,  such  as  a  pin  is  in- 
tended to  be,  because  it  affords  facility  for  some  shift  of  the  line  of 
pressure  which  will  be  an  accommodation  to  the  stresses  in  the  arch 
members  without  any  appreciable  increase  of  stress  from  temperature 
changes. 

The  statement  in  the  paper  that  the  Bellows  Falls  Bridge  is  the 
only  example  in  the  United  States  of  a  steel  arch  with  a  suspended 
floor,  calls  for  a  note  of  the  fact  that  there  is  at  least  one  other — a 
hingeless  arch  of  82  ft.  span,  with  a  suspended  reinforced  concrete 
floor,  in  Philadelphia,  on  the  line  of  Duval  Street,  over  the  Pennsyl- 
vania Railroad.  The  conditions  required  a  very  thin  floor,  and  the 
situation  made  it  desirable  that  the  bridge  should  be  graceful  in  ap- 
pearance. The  arch  has  fixed  ends  and  a  rigid  though  shallow  crown. 
No  effects  of  temperature  changes  can  be  observed  in  the  structure,  in 
either  hot  or  cold  weather.  The  adjustment  to  fit  the  abutments  was 
accomplished  by  chipping  the  concrete  bearings  at  one  end  until  the 
joints  matched. 

Philip  Aylett,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)  .—Great  credit  Mr.  Ayiett. 
is  due  the  author  and  his  associates  for  the  ingenuity  and  skill  they 
displayed  in  the  erection  of  this  bridge.  Judging  from  the  designs 
and  photographs,  the  structure  seems  to  be  admirably  adapted  to  the 
location.  It  is  also  pleasing  to  know  that,  contrary  to  general  pro- 
cedure, the  beautiful  stream  which  it  spans  has  been  left  free  from 
obstruction  by  intermediate  piers  and  rip-rap. 

Although  this  structure  has  not  the  weight  of  metal  possessed  by 
some  of  its  predecessors  of  similar  type  in  Europe  and  America,  and 
is  not  as  important  as  a  thoroughfare,  still  none  of  these  bridges  com- 
pares favorably  with  it  in  ingenuity  and  in  economy  of  design  and 
erection,  and  it  stands  well  to  the  front  as  a  clean-cut  and  repre- 
sentative example  of  "the  art  of  doing  that  well  with  one  dollar,  which 
any  bungler  can  do  with  two  after  a  fashion." 

It  is  refreshing  to  note,  also,  that,  in  several  features,  there  have 
been  radical  departures  from  old  methods,  and  this  structure  in  many 
ways  will  stand  alone  and  afford  precedent  for  similar  undertakings. 

In  view  of  the  depth  (25  ft.)  and  character  of  the  stream,  the  hard- 
ness of  the  bottom,  the  small  penetration  of  piles,  and  the  great  height 
of  the  superimposed  truss  weight  above  the  bed  of  the  stream  (125  ft.) 
— the  risk  from  ice  and  floods  involved  in  the  method  of  erection  was 
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Mr.  Ayiett.  very  great,  and  was  doubtless  seriously  considered  from  every  possible 
point  of  view  by  the  designers  prior  to  adoption. 

The  latitude  of  the  site  and  the  continued  severe  temperature  were 
in  all  probability  factors  which  entered  largely  into  the  successful 
results  achieved.  On  account  of  the  frequency  of  freshets  and  the 
enormous  quantities  of  drift,  the  method  of  erection  and  type  of 
structure  of  such  span  length  would  hardly  be  considered  by  most 
engineers  in  the  South  or  West. 

The  author  states  that  the  piles  for  the  falsework  were  cut  off  and 
capped  3  ft.  above  the  low-water  line.  This  elevation  was  doubtless 
chosen  as  being  the  most  convenient,  and  as  providing  a  more  rigid 
support  for  the  superimposed  towers,  track,  etc.  There  is  also  another 
consideration,  which  should  never  be  overlooked  in  the  design  and  con- 
struction of  trestles  and  falsework  over  dangerous  streams :  It  is  noted 
that  the  longitudinal  stringers  for  the  service  track  were  laid  directly 
upon  the  pile  caps,  thus  bringing  this  track  about  4  or  5  ft.  above  low 
water.  In  some  streams  this  elevation  above  low  water  has  been  found 
to  be  the  plane  of  maximum  drift  during  freshets.  In  all  streams  to 
be  trestled,  or  in  which  important  falsework  is  to  be  placed,  it  is  a 
good  safeguard  to  ascertain  the  elevation  of  the  plane  of  maximum 
drift,  and  thus  fix  the  elevation  of  all  longitudinal  members  of  the 
structure — above  or  below  this  plane — so  that  they  may  offer  the  least 
resistance  to  the  drift. 

This  was  doubtless  considered  at  Bellows  Falls,  and  as  the  elevations 
of  the  longitudinal  stringers  and  braces  were  probably  located  with 
high-water  and  ice  requirements  in  view,  a  higher  elevation  of  the 
service  track  was  unnecessary.  It  would  have  been  well  to  have  broken 
the  continuity  of  the  service  track  at  its  junction  with  the  towers  so 
that  the  intermediate  portions,  between  the  towers,  could  have  given 
way  and  floated  off  down  stream  under  the  pressure  and  impact  of  drift 
or  ice,  thus  leaving  the  towers  intact  and  free  from  strains  which 
might  arise  from  the  accumulation  of  drift  against  the  intermediate 
portions  of  the  service  track.  This  is  usually  a  wise  precaution,  as 
sufficient  time  ahead  of  a  rising  flood  (especially  at  night  or  during 
bad  weather)  is  not  always  afi^orded  to  prepare  for  them. 

In  adopting  this  design  and  method  of  erection,  in  the  face  of 
many  unfavorable  conditions  and  hazards,  the  designers  and  erectors 
have  not  only  shown  themselves  to  be  possessed  of  ingenuity  and  skill, 
but  also  daring,  backbone  and  determination — factors  which  have 
always  entered  and  always  will  enter  into  great  achievements  and 
engineering  triumphs,  everjTvhere. 
Mr.  Rights  Lewis  D.  Eights,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This 
paper  was  presented  more  as  a  record  of  work  done  than  as  a  subject 
for  discussion,  and  therefore  the  writer  is  pleased  to  find  that  it  has 
attracted  attention,  and  is  grateful  for  the  kind  expressions  of  appre- 
ciation. 
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Fig.  1.— The  Erection  of  the  Lake  Street  Bridge,  over  the  Mississippi  River. 

AT  MlN*XEAPOI,IS. 


Fig.  2.— The  Erection  of  a  Half  Spas  of  the  Panther  Hollow  Bridge. 
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Messrs.  Wui-fostcr  and  Snow  have  both  been  very  kind  in  their  Mr.  Rights, 
compliments  on  the  work  of  erection,  but  the  writer  feels  that  modesty 
has  led  them  to  take  insufficient  credit  to  themselves  for  the  bold 
desij?n  and  carefully  worked  out  plans.  The  contractors  owe  much 
to  these  gentlemen  for  their  continued  assistance  and  support  in  a 
new  and  complicated  problem.  Several  members  have  expressed  a 
desire  to  see  more  complete  details  of  the  center  hinge  at  the  crown 
of  the  arch.  The  writer  wishes  to  make  up  for  this  omission  by 
submitting  Fig.  5,  a  general  plan  showing  the  center  and  adjoining 
panels.  This  shows  the  total  clearance  of  4  in.  between  the  chords 
and  the  theoretical  opening  between  the  center  struts,  and,  with 
what  has  already  been  stated  in  the  paper,  will  not  require  further 
explanation. 

Mr.  Quimby  asks  some  questions  which  are  interesting,  even  though 
they  are  not  connected  with  the  work  of  erection. 

Eegarding  the  piles  in  the  foundations,  the  writer  understands 
that,  when  the  foundation  pits  were  excavated,  both  Mr.  Worcester 
and  Mr.  Snow  inspected  the  bottoms  very  carefully.  Mr.  Worcester 
stated  that  he  would  not  hesitate  to  put  a  load  of  from  5  to  6  tons  per 
sq.  ft.  on  the  soil,  which  was  fine  gravel,  very  solidly  compacted  with 
sand.  The  cost  of  driving  the  piles,  however,  was  a  very  small  item 
compared  with  the  total  cost  of  the  bridge,  and,  as  the  banks  are  an 
alluvial  deposit,  it  was  thought  best  to  use  piles  to  cover  the  possibility 
of  a  soft  stratum  existing  below  the  point  reached  by  the  sounding  rod, 
as  well  as  to  provide  temporary  safety  in  case  of  unexpected  scour. 
The  contractors  for  the  substructure  are  dock  builders,  and  carry  on  a 
large  business  in  the  vicinity  of  Boston;  therefore  they  were  well 
equipped  with  all  kinds  of  pile-drivers.  They  rented  a  large  scow, 
owned  by  the  paper  company,  and  on  this  rigged  leads,  an  engine,  and 
an  1  800-lb,  drop  hammer.  Piles  were  driven  to  refusal  in  the  bottoms 
of  the  pits,  with  a  penetration  of  from  7  to  10  ft. 

Eegarding  the  settlement  of  the  falsework,  the  writer  is  convinced 
that  this  was  mainly  due  to  the  piles.  His  experience  has  shown  that 
settlements  in  framed  bents  are  caused  by  the  shrinkage  or  contraction 
of  the  sills  rather  than  the  posts,  and  he  has  adopted  a  maximum  of 
400  lb.  per  sq.  in.  for  the  loading  of  the  average  yellow-pine  false- 
work. For  use  in  computation,  this  same  maxim-"i  stress  is  taken 
for  posts  and  sills,  as  in  general  it  is  not  fea^!  ..  to  provide  iron 
caps  to  spread  the  bearing  on  sills.  The  load  on  the  F  towers  from 
the  steelwork  was  only  about  200  lb.,  and,  after  the  wind  pressure  on 
the  leeward  side  of  the  tower  was  added,  it  was  found  to  be  less  than 
400  lb.  Of  course,  some  settlement  is  always  expected  in  erection 
work ;  consequently,  erectors  have  learned  to  wedge  np  somewhat  higher 
than  the  actual  camber  requirements. 

Regarding  the  bearing  of  the  faced  joints  of  the  chords  of  the 
arch,  these  were  calculated  along  theoretical  lines,  no  provision  being 
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Mr.  Rights,  made  for  camber,  and  each  bevel  was  computed  from  both  the  line 
of  the  tangent  to  the  joint  and  the  chord  between  panel  points.  The 
angles  for  all  these  bevels  were  shown  to  minutes  and  seconds,  and  the 
bevels  were  given  to  ^V  in.  Much  care  was  taken  in  the  shop  to  see 
that  the  bevels  were  carefully  milled  to  the  exact  angle.  The  day 
after  the  arch  was  swung  off,  the  writer  went  over  it  very  carefully. 
At  that  time,  the  chords  had  not  been  lined  up,  and  four  or  five  of 
the  joints  showed  openings  of  from  ^V  ^'^  A  in.  on  the  channel  flanges. 
These  discrepancies  were  not  confined  to  the  upper  or  lower  flanges, 
but  were  found  to  occur  in  different  joints  at  either  top  or  bottom. 
Mr.  C.  H.  Eestall,  the  Field  Inspector,  suggested  that  these  dis- 
crepancies could  be  remedied  by  the  use  of  very  thin  steel  wedges, 
which  could  be  driven  into  the  joint  so  as  to  insure  a  bearing  before 
the  load  of  the  floor  came  on  the  structure.  As  the  lateral  rods  had 
not  been  adjusted,  Mr.  Westbrook,  the  Superintendent,  and  the  writer 
felt  that  the  discrepancies  would  adjust  themselves  as  soon  as  the 
chords  were  properly  lined  up.  The  writer  submitted  this  view  to 
Mr.  Snow,  who  went  over  the  matter  with  Mr.  Restall,  and  came  to 
the  same  conclusion.  This  assumption  happily  proved  to  be  the  case, 
and,  after  the  chords  were  properly  lined,  Mr.  Restall  was  fully  satisfied 
that  the  joints  matched,  and  that  the  bearing  was  distributed  through- 
out the  whole  depth  of  the  chord.  Several  months  after  the  bridge  was 
completed,  the  writer  again  inspected  it,  taking  special  care  to  examine 
the  joints  on  which  he  had  noticed  the  discrepancies.  He  scraped 
away  the  paint  with  a  knife,  but  could  not  discover  any  crack.  It 
might  have  been  possible  that  the  top  of  the  chord  was  taking  the  full 
load,  while  the  bottom  had  just  begun  to  bear;  but,  as  all  the  joints 
are  at  the  panel  points,  and  are  well  riveted,  such  a  possible  discrepancy 
is  probably  fairly  well  provided  for. 

The  writer  is  glad  to  learn  that  this  paper  has  brought  out  the 
record  of  another  arch,  with  suspended  floor,  even  though  of  consider- 
ably shorter  span. 

Mr.  Aylett's  suggestion  jn  regard  to  breaking  the  continuity  of 
the  service  track  at  the  junction  with  the  towers  is  a  good  one.  The 
ordinary  variation  of  the  Connecticut  River,  however,  is  not  as  great 
as  in  the  rivers  of  the  South  and  West,  and  ample  notice  of  any 
marked  rise  is  generally  given.  The  elevation  of  the  center  line  of 
the  end  pins  was  placed  at  Elevation  89.6,  or  10  ft.  above  the  level 
of  the  top  of  the  dam,  and  the  high-water  elevation  is  97.2.  The  piles 
were  capped  at  the  level  stated  principally  on  account  of  convenience, 
although  it  was  felt  that  if  a  freshet  should  take  place,  the  ice  and 
drift  would  pass  out  above  the  level  of  the  service  track.  This  is  con- 
firmed by  Mr.  Worcester's  discussion*  in  which  he  states  that  during 
a  spring  freshet  the  ice  broke  a  forging  just  above  the  level  of  the  end 
pins. 
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Fig.  1.— Erection  of  the  Kor.vhaus  Bridge. 


Fig.  2.— Erection  of  the  Korshaus  Bridge. 
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Mr.  Rights.  The  writer  appreciates  Mr.  Skinner's  comparisons  with  the  arches 
of  the  United  States  and  Europe.  !Mr.  Skinner  brings  out  an  im- 
portant point  regarding  the  development  of  the  erection  of  steelwork 
in  America,  which  has  appealed  very  forcibly  to  the  writer.  The  last 
ten  years  have  witnessed  a  wonderful  change  in  methods.  Booms  are 
made  longer,  and  engines  and  tackle  are  heavier.  The  use  of  steel  for 
erection  travelers  and  derricks  has  become  quite  common,  as  it  has 
been  found  to  be  both  stronger  and  lighter  than  wood.  To-day,  very 
few  pieces  are  lifted  by  hand,  power  being  relied  on  to  take  care  of 
all  the  operations.  For  this  reason,  a  comparison  between  the  erection 
of  the  newer  and  older  arches  can  hardly  be  considered  as  such,  and  Mr. 
Skinner's  discussion  represents  an  interesting  record  of  the  develop- 
ment of  modern  methods. 

The  writer  has  the  faith  to  believe  that  bolder  schemes  and  larger 
enterprises  will  be  carried  forward  in  the  next  decade,  and,  if  any 
of  the  data  given  in  this  paper  are  of  use  to  engineers  carrying  for- 
ward these  schemes,  he  will  feel  many  times  repaid  for  his  work  in 
preparing  it. 
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Introduction. 


The  Sacramento  and  San  Joaquin  Valleys  were  visited,  in  March, 
1907,  by  one  of  the  most  destructive  floods  that  have  ever  occurred  in 
California,  the  resiilting  financial  loss  being  unquestionably  greater 
than  that  from  any  other  flood  of  which  there  is  record.  The  greatest 
damage  was  done  in  the  valleys  of  the  trunk  streams,  especially  Sacra- 
mento Valley.  The  Lower  Sacramento  Biver  and  its  two  largest 
tributaries,  Feather  and  American  Rivers,  reached  the  highest  stages 
ever  recorded,  and  record  stages  were  reached  by  other  tributaries  of 
the  Sacramento  and  by  the  San  Joaquin  and  its  tributaries. 

The  flood  was  remarkable  in  many  respects.  In  the  first  place,  it 
was  preceded  by  a  period  of  heavy  precipitation,  and  consequent  flood 
stages  of  all  the  streams,  a  condition  which  had  prevailed  intermittently 

*  The  data  upon  which  it  is  based  were  collected  by  the  Water  Resources  Branch 
of  the  United  States  Geological  Sui-\'ey  in  co-operation  with  the  State  of  California, 
and  the  paper  is  publishe  1  by  permission  of  the  Director  of  the  Survey.  This  paper  was 
prepared  under  the  direction  of  W.  B.  Ulapp.  District  Engineer,  by  E.  C.  Murphy  and 
w.  F.  Martin,  Engineers. 

Further  acknowledgments  are  due  to  Mr.  J.  H.  Scarr,  the  district  forecaster 
of  the  United  States  Weather  Bureau,  and  to  the  engineering  department  of  the 
Southern    Pacific   Railway,    for  data   furnished. 
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for  several  preceding  weeks.  As  a  result,  the  earth  was  thoroughly 
saturated,  and  all  the  surface  basins  which  impound  and  store  flood 
waters  temporarily  were  full.  Particularly  was  this  true  of  the  large 
flood  basins  on  each  side  of  the  Sacramento  River.  Then,  too,  this 
flood  was  due  to  a  general  precipitation  of  extraordinary  intensity 
throughout  the  entire  drainage  basin  (the  storm  covering  a  period  of 
several  consecutive  days),  and  also  to  comparatively  high  tempera- 
ture and  consequent  rapid  melting  of  snow  in  the  higher  altitudes. 

This  flood  was  remarkable,  also,  because  of  the  record-breaking 
stages  of  so  many  of  the  streams,  such  as  the  Lower  Sacramento  River 
and  the  Feather,  Tuba,  and  American  Rivers.  Not  only  were  they 
higher  than  ever  known  before,  but  they  maintained  their  high  stages 
for  a  moderately  long  period.  All  the  other  streams  of  the  water-shed 
also  maintained  high  stages  for  a  like  period,  so  that  the  resultant  was 
a  flood  of  exceptional  height  and  extent,  and  of  considerable  duration. 
For  the  4-day  period,  March  18th  to  21st,  the  mean  rate  of  run-off 
from  the  mountains  and  foot-hills  of  the  Sacramento  Basin  alone  was 
about  530  000  cu.  ft.  per  sec,  or  more  than  22  cu.  ft.  per  sec.  per  sq. 
mile. 

During  this  flood,  special  effort  was  made  by  the  engineers  of  the 
United  States  Geological  Survey  to  obtain  valuable  flood  data.  The 
flow  of  nearly  all  the  important  tributaries  of  both  the  Sacramento  and 
Sp.ii  Joaquin  River  systems  was  gauged  in  the  foot-hills  above  the  point 
of  debouchure.  The  flow  from  83%  of  the  mountains  and  foot-hills 
in  the  Sacramento  Basin  was  measured  at  eleven  gauging  stations. 
In  the  San  Joaquin  Basin  the  flow  from  41%  of  the  mountains  and 
foot-hills  was  measured  at  six  gauging  stations.  Unfortunately,  no 
gaugings  were  made  of  the  San  Joaquin  itself. 

It  is  believed  that  the  data  obtained  during  this  flood  will  fully 
repay  the'  State  of  California  for  its  generous  co-operation  with  the 
United  States  Geological  Survey  in  the  study  of  its  water  resources. 
Data  are  now  available  for  planning  for  these  great  valleys  a  more 
comprehensive  reclamation  system  than  has  been  possible  heretofore. 
The  importance  of  the  data  collected  will  be  appreciated  when  it  is 
recalled  that  the  rate  of  run-off  from  the  mountains  and  foot-hills  of 
the  Sacramento  Basin  alone  for  a  period  of  4  consecutive  days,  March 
18th  to  21st,  was  112%  greater  than  the  rate  used  as  a  maximum  by 
the  1904  Commission  of  Engineers,  after  a  careful  study  of  all  flood 


THE  FLOOD  OF  MARCH,  1907,  IN  CALIFORNIA  RIVERS  283 

data  on  record,  including  those  of  the  1904  flood.  It  is  doubtful  if 
any  combination  of  causes  or  conditions  will  ever  produce  a  larger 
rate  of  delivery  of  water  to  this  valley  for  a  4-day  period  than  occurred 
during  the  flood  of  March,  1907. 

Topography  and  Drainage  of  the  Water-shed. 

California  is  traversed,  in  a  general  northwest-southeast  direction, 
by  two  distinct  and  approximately  parallel  ranges  of  mountains  which 
extend  almost  the  entire  length  of  the  State.  Near  the  eastern  border 
is  the  Sierra  Nevada;  not  far  from  the  shore  line  on  the  west  is  the 
Coast  Kange.  These  two  ranges  merge  into  each  other  about  40  miles 
south  of  the  California-Oregon  boundary  line,  the  meeting  point  being 
Mount  Shasta,  which  has  an  elevation  of  14  380  ft.  They  are  merged 
again  south  of  Bakersfield  by  a  cross-range  known  as  Tehachapi 
Mountains. 

The  elevation  of  the  Sierra  Nevada  ranges  from  about  6  000  ft. 
east  of  Mount  Shasta  at  the  north,  to  14  501  ft.  south  of  Yosemite 
National  Park  where  the  range  culminates  in  Mount  Whitney. 
Beckwith  Pass,  about  150  miles  south  of  the  northern  boundary 
line,  is  the  lowest  pass  through  the  range,  and  has  an  elevation  of 
5  300  ft.  The  Coast  Eange  is  comparatively  low,  and  is  unbroken  ex- 
cept at  Carquinez  Strait  and  the  Golden  Gate  which  permit  the  drain- 
age through  Suisun  Bay  to  reach  the  Pacific.  • 

The  Sierra  Nevada  and  Coast  Eanges,  merging  at  the  north  and 
south,  inclose  a  water-shed  approximately  58  000  sq.  miles  in  area, 
with  a  single  outlet  near  the  middle  of  the  western  side.  This  water- 
shed is  somewhat  elliptical  in  shape,  and  has  a  length  of  about  540 
miles  from  north  to  south  and  a  width  varying  from  120  to  150  miles. 
It  is  drained  by  two  large  river  systems,  the  Sacramento  in  the  north 
and  the  San  Joaquin  in  the  south,  and  these  are  quite  commonly  re- 
ferred to  as  the  Sacramento  and  the  San  Joaquin  River  Basins. 

Sacramento  River  has  its  source  in  the  region  of  Mount  Shasta, 
and  flows  almost  due  south  through  the  trough  of  the  water-shed  until 
it  discharges  into  Suisun  Bay.  The  San  Joaquin  rises  in  the  Sierra 
Nevada,  in  the  region  of  Mount  Lyell,  just  east  of  Yosemite  National 
Park,  at  an  elevation  of  13  000  ft.,  and  flows  southwestward  until  it 
emerges  from  the  foot-hills  into  the  trough  of  the  valley,  when  it  turns 
and  flows  northwestward  to   its  junction  with  the   Sacramento  near 
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Suisun  Bay,  through  which  the  combined  volume  of  the  two  systems 
finds  an  outlet  to  the  Pacific  by  way  of  San  Pablo  and  San  Francisco 
Bays  and  the  Golden  Gate. 

The  drainage  of  the  water-shed  determines  its  division  into  three 
distinct  basins :  On  the  north  is  the  Sacramento  Basin,  27 100  sq. 
miles  in  area,  drained  by  the  Sacramento  River  and  its  tributaries;  in 
the  center  is  the  San  Joaquin  Basin,  about  18  300  sq.  miles  in  area, 
drained  by  the  San  Joaquin  and  its  tributaries  (excluding  Kings 
River,  which,  for  reasons  given  later,  is  classified  under  the  Lake 
Basin) ;  in  the  south  is  the  Lake  Basin,  with  an  area  of  about  12  600 
sq.  miles,  containing  several  lakes  with  their  tributary  drainage,  but 
at  the  present  time  having  no  outlet  discharging  to  the  sea. 

That  portion  of  the  three  basins  which  is  inclosed  by  the  sharply- 
defined  line  of  the  foot-hills  is  called  the  "Great  Valley  of  California." 
This  valley  has  a  length  of  about  400  miles  from  north  to  south,  an 
average  w'idth  of  about  40  miles,  and  an  area  of  probably  15  000  sq. 
miles,  and  is  surrounded  by  steep  mountains.  The  western  mountain 
slope — that  of  the  Coast  Range — is  comparatively  narrow,  having  an 
average  width  of  about  18  miles.  Considering  the  entire  length  of 
the  district,  from  north  to  south,  the  precipitation,  as  a  whole,  is  light, 
and  perennial  streams  are  few,  but,  in  the  region  about  Clear  Lake 
and  Mount  St.  Helena,  in  the  Lower  Sacramento  Basin,  the  precipita- 
tion is  remarkably  heavy,  and  occurs  almost  entirely  as  rain.  The 
eastern  mountain  slope,  which  has  an  average  width  of  about  58  miles, 
is  visited  by  rather  heavy  precipitation  throughout  almost  its  entire 
length  from  north  to  south,  particularly  in  the  central  part  of  the 
Sacramento  Basin.  A  large  percentage  of  the  precipitation  occurs  as 
snow  on  the  higher  elevations.  From  this  slope  come  all  the  larger 
tributaries  to  the  Sacramento  and  San  Joaquin  Rivers  and  the  San 
Joaquin  itself,  as  well  as  the  principal  tributaries  to  the  Lake  Basin. 
The  change  from  mountain  to  valley  is  quite  abrupt  along  a  well- 
defined  line,  but  the  slope  of  the  valley  is  gentle  and  uniform. 

What  is  commonly  called  the  Sacramento  Valley  extends  north- 
ward only  to  Iron  Canyon,  near  Red  Bluff.  In  the  Report  of  the  Com- 
missioner of  Public  Works  to  the  Governor  of  California,  in  1894 
(page  28),  the  valley  is  described  as  having  a  total  area  of  about  4  250 
sq.  miles,  divided  as  follows:  2  510  sq.  miles  of  high  lands,  not  sub- 
ject to  overflow;  450  sq.  miles  of  lower  lands,  overflowed  occasionally 
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by  high  floods ;  1  250  sq.  miles  of  low  lands,  overflowed  periodically ; 
and  38  sq.  miles  of  perennial  stream  surface.  Below  the  mouth  of 
Stony  Creek  (Plate  XLIV  and  Fig.  1)  the  central  portion  of  the 
valley  is  a  flood  plane  of  unusual  extent,  the  immediate  river  banks 
being  from  5  to  20  ft.  higher  than  the  land  on  either  side  some  distance 
from  the  river.  In  the  vicinity  of  the  river  banks  the  ground  slopes 
rapidly  from  the  river  toward  the  trough  of  the  flood  basins  on  either 
side,  but,  as  the  bottom  of  the  trough  is  approached,  the  slope  becomes 
more  gradual.  The  lowest  portions  of  the  flood-basin  troughs  are  from 
2  to  7  miles  from  the  river  channel. 

The  large  flood  basin  on  the  west  side  of  the  Sacramento  is  divided 
into  two  smaller  basins  by  a  ridge  of  debris  brought  down  by  Cache 
Creek.  These  are  the  Colusa  Basin  in  the  north  and  the  Yolo  Basin  in 
the  south.  The  large  flood  basin  on  the  east  side  of  the  Sacramento 
is  divided  into  four  smaller  basins  by  Marysville  Buttes  and  the  Feather 
and  American  Rivers.  From  north  to  south,  they  are  called  Butte 
Basin,  Sutter  Basin,  American  Flood  Basin,  and  Sacramento  Flood 
Basin.  Fig.  1  shows  the  position  of  the  flood  basins.  The  following 
data  regarding  the  area  and  capacity  of  these  smaller  flood  basins  are 
taken  from  the  Report  of  the  Commissioner  of  Public  Works  to  the 
Governor  of  California,  for  1894: 

Colusa  Basin  is  50  miles  long,  from  2  to  7  miles  wide,  and  has  a 
capacity  of  690  000  acre-ft.  at  flood  stage.  It  discharges  into  Sacra- 
mento River  above  Knight's  Landing  through  Sycamore  Slough. 

Yolo  Basin  has  a  length  of  40  miles,  an  average  width  of  7  miles, 
and  a  capacity  of  1 115  000  acre-ft.  at  flood  stage.  It  discharges 
through  Cache  Slough  into  Steamboat  Slough,  and  thence  into  the 
Sacramento  near  the  foot  of  Grand  Island,  about  25  miles  above  the 
head  of  Suisun  Bay. 

Butte  Basin  is  north  of  Marysville  Buttes,  and  has  an  area  of 
from  30  to  150  sq.  miles,  depending  upon  the  river  stage,  and  a  capacity 
cf  460  000  acre-ft.  at  flood  stage.  It  discharges  through  Butte  Slough 
into  Sutter  Basin. 

Sutter  Basin  is  south  of  Marysville  Buttes  and  north  of  the  Feather 
River.  It  has  an  area  of  138  sq.  miles,  and  a  capacity  of  895  000  acre- 
ft.  at  flood  stage.  It  discharges  through  sloughs  into  Sacramento 
River  above  the  mouth  of  Feather  River. 

The  American  Flood  Basin  is  south  of  Feather  River  and  north  of 


PLATE  XUV 
TRANS^.„.^3O0,c,v.,,„,3 


NOTE:  -The  ihqi^q  of  the  flood  plnoe  shown  thiJit,iiWwHl 
does  not  uecesaarUy.  Indicate  the  area  actually  covered  by  wowr. 

but  It  ShnwannnrnTimatAlTT  fho  nrcrn  u-li(f1i  wufi  bSlOW  the  WulC 


THE  FLOOD  OF  MARCH,  1907,  IN  CALIFORNIA  RIVERS  287 

the  American.  It  has  an  area  of  110  sq.  miles,  and  a  capacity  of 
571  000  acre-ft.  at  flood  stage.  It  discharges  into  the  Sacramento  north 
of  the  City  of  Sacramento,  but,  owing  to  its  great  depth,  it  is  never 
free  from  water. 

The  Sacramento  Flood  Basin  is  a  narrow  strip  south  of  the  Ameri- 
can River,  extending  from  the  City  of  Sacramento  to  Walnut  Grove. 
Its  area  and  capacity  are  unknown.  It  is  flooded  by  overflow  from  the 
Mokelumne  River  and  the  breaking  of  levees  on  the  east  side  of  the 
Sacramento,  but  not  as  frequently  as  the  other  basins. 

What  is  popularly  known  as  the  San  Joaquin  Valley  includes  the 
real  valley  of  the  San  Joaquin  Basin  and  the  valley  portion  of  the 
Lake  Basin.  This  area  is  one,  physiographically  and  historically,  but, 
for  the  purpose  of  this  discussion,  it  has  been  found  advantageous  to 
divide  it.  What  is  here  meant  by  the  San  Joaquin  Valley,  therefore, 
is  that  portion  of  the  San  Joaquin  Basin  below  the  line  of  the  foot- 
hills. It  comprises  an  area  of  about  5  890  sq.  miles  south  of  Sacra- 
mento Valley  and  north  of  Kings  River  and  the  lakes  of  the  Lake 
Basin.  A  portion  of  the  discharge  from  Kings  River  reaches  San 
Joaquin  River,  but  discussion  of  it  is  excluded  from  this  paper  be- 
cause of  the  impossibility  of  estimating  its  amount  from  the  data  at 
hand.  The  San  Joaquin  Valley  has  no  well-defined  flood  basins,  like 
the  Sacramento  Valley;  it  has,  however,  considerable  areas  of  marshy 
lands  adjoining  the  San  Joaquin  River,  especially  along  the  lower 
course  of  the  river,  and  also  a  large  flood  plane  which  is  overflowed 
annually. 

The  Lake  Basin  was  originally  a  part  of  the  present  San  Joaquin 
Basin.  Many  years  ago,  the  southern  half  of  the  Great  Valley  of 
California  received  its  drainage  from  the  Sierras  through  a  series  of 
practically  parallel  streams  flowing  in  a  southwest  direction  to  the 
trough  of  the  valley,  where  their  waters  were  gathered  into  one  main 
channel  which  discharged  into  Suisun  Bay.  The  San  Joaquin  River 
was  one  of  these  streams.  In  later  years,  however,  those  streams  south 
of  the  San  Joaquin  built  up  large  deltas  which  projected  into  the 
trough  of  the  valley.  Kings  River,  just  south  of  the  San  Joaquin,  and 
Kern  River,  near  the  southern  end  of  the  valley,  built  up  particularly 
pronounced  deltas,  which  extended  completely  across  the  old  valley 
trough,  practically  isolating  that  portion  south  of  Kings  River  Delta. 
This  region  contains  several  lakes  at  present.     Among  them  are  Kern 
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and  Buena  Vista  Lakes,  south  and  west  of  Bakersfield,  and  Tulare 
Lake,  about  50  miles  farther  northwest.  Kern  River  flows  into  Kern 
and  Buena  Vista  Lakes,  and,  during  high  river  stages,  a  portion  of 
Kings  River  flows  into  Tulare  Lake.  During  moderately  low  stages, 
practically  all  the  water  from  these  streams  is  taken  out  near  the  head 
of  the  deltas  and  used  for  irrigation,  so  that  only  the  surplus  water 
reaches  the  lakes.  In  very  wet  years,  a  portion  of  the  water  from 
Buena  Vista  Lake  may  pass  northward  into  Tulare  Lake,  and,  under 
very  exceptional  conditions,  Tulare  Lake  would  drain  into  San  Joaquin 
River.  Of  late  years,  however,  there  is  no  record  of  any  overflow  from 
Tulare  Lake  into  the  San  Joaquin;  on  the  other  hand,  the  lake  has 
been  dry  a  portion  of  the  time,  as  in  1905,  although  since  that  year 
it  has  partially  filled  again.  Further  disciission  of  this  basin  is  omitted 
from  this  paper. 

Along  the  lower  courses  of  the  Sacramento  and  San  Joaquin 
Rivers  a  large  delta  has  been  built  up.  In  this  delta  region,  each  of 
the  rivers  has  two  or  more  channels  in  certain  portions  of  its  course, 
especially  at  the  higher  stages.  Numerous  distributing  and  cross- 
sloughs  extend  from  one  channel  to  another,  and  even  from  one  river 
to  the  other  at  flood  stages,  and  many  islands  are  thus  formed.  These 
islands  are  very  fertile,  but  they  are  overflowed  every  year  unless  pro- 
tected by  levees.  Many  of  them,  more  particularly  those  along  the 
Sacramento  River,  which  vary  in  size  from  1  600  to  43  000  acres,  have 
been  reclaimed,  and  are  now  protected  from  overflow  by  levees.  (See 
Fig.  1.) 

The  chief  tributaries  of  the  Sacramento  River  are  the  Pit,  Feather, 
and  American  Rivers,  named  in  order  from  north  to  south.  They 
have  their  sources  in  the  summit  of  the  Sierras,  and  flow  in  south- 
westerly courses.  McCloud  River  is  the  principal  tributary  of  the 
Pit,  and  enters  it  from  the  north.  Yuba  and  Bear  Rivers  are  the  main 
tributaries  of  the  Feather,  and  join  it  from  the  east.  The  most  im- 
portant tributaries  of  the  Sacramento  from  the  west  are,  in  order  from 
north  to  south.  Stony,  Cache,  and  Puta  Creeks,  but  the  last  two  are 
lost  in  the  flood  basins,  and  do  not  really  reach  the  main  channel  of 
the  river. 

San  Joaquin  River  receives  all  its  principal  tributaries  from  the 
east.  They  are,  in  order  from  north  to  south,  Mokelumne,  Calaveras, 
Stanislaus,  Tuolumne,  and  Merced  Rivers.     They  rise  in  the  Sierras 
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and  flow  westward  in  practically  parallel  courses,    Cosumnes  River  is 
tributary  to  the  Mokelumne  from  the  northeast.     (See  Plate  XLIV.) 

Climate. 

The  climate  of  California  is  probably  one  of  its  most  valuable 
assets.  The  principal  factors  affecting  the  climate  are  proximity  to 
the  Pacific  Ocean,  and  diversified  topography.  The  warm  Japanese 
ocean  currents,  which  bathe  about  1  000  miles  of  the  coast  line,  serve 
to  equalize  the  temperature  as  normally  affected  both  by  seasons  and 
latitude.  The  influence  of  the  topography  is  such  that  altitude  rather 
than  latitude  is  the  chief  factor  affecting  temperature. 

As  regards  precipitation,  the  year  is  divided  into  two  well-defijied 
seasons,  the  "rainy  season"  from  November  to  March,  and  the  "dry 
season"  from  April  to  October.  The  rainy  season  is  usually  marked 
by  a  series  of  storms,  of  greater  or  less  severity,  which  form  in  the 
Pacific  Ocean  and  move  eastward  to  the  coast,  depositing  their  moisture 
before  crossing  the  Sierra  Xevada.  The  centers  of  the  most  severe 
storms  generally  strike  the  coast  in  the  State  of  Washington  and  then 
move  southward  through  Oregon  into  California  between  the  mountain 
ranges.  These  storms  almost  invariably  make  their  appearance  in  late 
winter  or  early  spring,  being,  as  a  rule,  most  severe  about  the  time  of 
the  vernal  equinox.  At  this  season  the  precipitation  is  quite  general 
throughout  the  State,  increasing  with  altitude  and  also  with  latitude. 

Flood  Conditions  and  Causes. 

During  the  winter  and  early  spring  of  each  year,  toward  the  end 
of  the  rainy  season,  the  various  streams  of  the  Sacramento  and  San 
Joaquin  Basins  generally  reach  their  highest  stages.  The  most  serious 
flood  conditions  invariably  exist  on  the  lower  courses  of  the  trunk 
streams,  the  Sacramento  and  the  San  Joaquin.  On  the  Sacramento 
River,  in  particular,  serious  damage  is  inflicted  on  crops  and  trans- 
portation interests  almost  every  year.  Of  course,  the  destructiveness 
of  any  flood  is  measured  largely  by  its  height  and  duration.  In  these 
basins  the  maximum  height,  and  generally  the  greatest  duration,  of 
floods  on  the  primary  streams,  result  from  the  simultaneous  flooding 
of  all  the  secondary  and  tertiary  streams,  a  condition  which  ohtains 
when  there  is  a  period  of  long-sustained  precipitation  throughout  the 
entire  water-shed,  accompanied  by  high  temperature  and  rapid  melting 
of  snow  on  the  higher  elevations.  It  was  such  a  condition  that  brought 
about  the  flood  of  March,  1907. 
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Other  conditions  that  contribute  more  or  less  to  all  floods  in  this 
area  are  the  following: 

1. — The  steep,  barren,  and  impervious  slopes  of  the  mountains  and 
foot-hills,  which  result  in  streams  of  heavy  grades  and  the  rapid  de- 
livery of  water  to  the  valleys; 

2. — The  broad,  flat  valleys,  with  light  grades  and  sluggish  streams ; 

3. — The  limited  channel  capacity.  It  is  said  that  some  of  the 
trunk  channels  are  not  large  enough  to  carry  even  one-third  of  the 
flood  flow.  Particularly  is  this  true  of  the  Sacramento  River.  Here 
the  surplus  water  overflows  into  the  flood  basins,  the  result  being 
either  to  increase  or  diminish  the  stage  of  the  lower  course  of  the  river, 
depending  on  the  volume  of  water  in  the  flood  basins  at  the  beginning 
of  the  flood  period  and  the  duration  of  the  period. 

4. — The  common  outlet  of  the  two  river  systems,  with  large  tribu- 
taries of  each  system  discharging  into  trunk  streams  near  this  outlet; 

5. — The  constriction  of  the  flood  area  in  the  delta  of  the  two  rivers 
through  the  reclamation  of  large  areas  of  overflow  land  by  levees; 

6. — The  deposition  of  the  debris  resulting  from  hydraulic  mining 
in  several  tributaries  of  the  Sacramento  River,  the  result  of  which  has 
been  the  filling  of  channels  and  the  reduction  of  gradients,  there- 
by raising  the  flood  plane  several  feet; 

7. — The  tidal  and  wind  action  in  the  delta  of  the  two  rivers. 

Precipitation. 

In  the  Sacramento  Valley,  the  mean  annual  precipitation  varies 
from  15  in.  in  the  southern  to  20  in.  in  the  northern  part,  while,  in  the 
tributary  foot-hill  and  mountain  areas,  it  varies  from  20  to  60  in., 
with  an  occasional  maximum  of  100  in.  In  the  San  Joaquin  Valley, 
the  mean  annual  precipitation  varies  from  10  in.  in  the  southern  to  15 
in.  in  the  northern  part,  and  in  the  foot-hill  and  mountain  areas  it 
varies  from  15  to  40  in.  In  the  Sierras,  the  greater  part  of  the  pre- 
cipitation is  normally  in  the  form  of  snow,  and  the  magnitude  of 
floods  depends  largely  on  its  rate  of  melting.  A  heavy,  warm  rain  on 
a  deep,  freshly  fallen  snow  produces  a  maximum  run-ofl. 

In  January  and  February,  1907,  there  were  two  periods  of  heavy 
and  long-sustained  precipitation,  one  from  January  2d  to  17th,  and 
the  other  from  January  24th  to  February  4th.  The  precipitation  was 
unusually  heavy  over  the   Sacramento  Basin,  diminishing  gradually 
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toward  the  south.  The  precipitation  during  the  first  of  these  periods 
produced  the  ordinary  winter  stages  on  the  tributaries  of  the  Sacra- 
mento River;  that  during  the  second  period  produced  flood  stages  on 
the  tributaries  of  both  the  Sacramento  and  San  Joaquin  Rivers  and 
high  stages  in  the  Lower  San  Joaquin.  American  and  Bear  Rivers 
reached  stages  almost  as  high  as  in  the  great  flood  of  the  following 
month.  Yuba  River  was  higher  than  at  any  time  previously  re- 
corded. 

In  March  there  were  two  precipitation  periods,  one  from  the  2d  to 
the  11th,  in  which  the  amount  of  rainfall  was  moderate,  and  the  other 
from  the  16th  to  the  25th,  in  which  it  was  extraordinarily  heavy.  The 
precipitation  of  the  latest  period  was  accompanied  by  unusually  high 
mean  temperatures,  especially  in  the  higher  altitudes,  from  the 
Feather  River  south  to  the  Tuolumne,  causing  very  rapid  melting  of 
snow  and  exceedingly  large  run-off.  The  average  from  24  fairly  rep- 
resentative meteorologic  stations  throughout  the  basin  shows  that  the 
mean  temperature  for  March  17th  to  20th  was  about  5°  above  the  mean 
for  the  month,  with  low  daily  maxima  resulting  from  cloudiness  and 
rain,  and  high  daily  minima  due  to  the  liberation  of  heat  by  the 
storm.  The  average  greatest  daily  range  in  this  period  was  only  16 
degrees.  These  facts  indicate  that  probably  all  stations  with  a  monthly 
mean  temperature  as  high  as  25°  had  scarcely  any  freezing  condi- 
tions from  March  16th  to  20th,  when  the  precipitation  was  heaviest. 
Further,  they  show  that,  out  of  113  stations  located  at  various  eleva- 
tions throughout  the  Sacramento  and  San  Joaquin  drainage  basins, 
at  105  of  them  all  the  precipitation  from  March  17th  to  20th  was  prob- 
ably in  the  form  of  rain  or  of  snow  in  a  melting  condition. 

Table  1  shows  the  monthly  precipitation  from  January  to  March, 
1907,  the  daily  precipitation  for  the  three  days,  March  17th,  18th,  and 
19th,  when  it  was  greatest,  and  the  precipitation  for  the  ten  days, 
March  17th  to  26th,  for  120  places  in  the  Sacramento  and  San  Joaquin 
Basins,  varying  in  altitude  from  20  to  7  017  ft.,  arranged  according  to 
basins  of  tributary  streams.  Where  possible,  the  monthly  precipita- 
tion for  the  period  of  January  to  March,  1904,  is  also  given,  for  com- 
parison with  the  great  flood  of  that  year. 

Table  2  shows  the  average  precipitation  and  average  mean  tempera- 
tures for  March  at  113  stations  arranged  according  to  stream  basins 
and  in  order  of  altitude. 
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Table  3  shows  the  results  at  24  stations  ranging  in  altitude  from 
60  to  5  270  ft.,  the  data  having  been  taken  from  the  Climatological 
Eeport  of  the  United  States  Weather  Bureau  for  March,  1907.  These 
particular  stations  were  selected  because  they  are  the  only  ones  in  the 
basin  for  which  daily  temperatures  have  been  published.  They  are 
fairly  well  distributed,  both  as  regards  area  and  altitude,  and  are  prob- 
ably as  representative  as  any  that  could  have  been  chosen.  This  table 
also  shows  the  extraordinary  intensity  of  precipitation  from  March 
17th  to  26th  by  percentages  with  reference  to  the  total  for  the  month, 
and  also  the  normal  for  the  month,  covering  a  period  of  21  years  on 
an  average. 

These  tables  show  conclusively  that  the  precipitation  from  March 
17th  to  26th,  and  particularly  on  March  17th,  18th,  and  19th,  was 
phenomenally  heavy  for  this  section  of  the  country.  This  large  pre- 
cipitation is  rather  evenly  distributed  throughout  all  the  river  basins, 
but  there  is  a  very  noticeable  and  quite  rapid,  though  comparatively 
regular,  increase  with  the  altitude.  During  the  month,  sixteen  stations, 
with  elevations  of  more  than  3  500  ft.,  had  more  than  30  in.  in  depth 
of  precipitation;   about  forty  stations,   with  elevations  of  more  than 

1  500  ft.,  had  more  than  20  in. ;  and  fully  one-third  of  the  total  pre- 
cipitation for  the  month  fell  on  March  17th,  18th,  and  19th.  On  one 
of  these  three  days,  seventeen  stations,  with  an  altitude  of  more  than 

2  000  ft.,  had  precipitations  of  from  5  to  8  in.  in  24  hours.  It  is  note- 
worthy that  the  range  of  temperature  with  altitude  was  quite  regular, 
and  that  there  were  no  very  low  temperatures  even  at  very  high  eleva- 
tions. It  is  highly  probable  that  at  elevations  of  5  000  ft.  a  large  part 
of  the  precipitation  occurred  as  rain  or  as  snow  which  melted  rapidly. 
Indeed,  at  Inskip,  in  the  Feather  Basin,  with  an  elevation  of  4  850 
ft.,  a  24-hour  rainfall  of  8  in.  was  reported.  Taking  a  record  of  21 
years  on  an  average  throughout  the  basin,  it  is  seen  that  about  88%  of 
the  normal  precipitation  for  March  occurred  on  March  17th,  18th,  and 
19th,  1907,  or,  counting  20  days  as  normally  rainy  in  this  month,  the 
intensity  of  this  3-day  period  was  about  600%  of  the  normal  intensity 
for  the  month.  During  these  3  days  the  average  precipitation  at  the 
sixteen  stations,  principally  in  the  Feather  and  Yuba  Basins,  having 
more  than  30  in.  during  the  month,  was  145%  of  the  normal  for  the 
month,  or  at  an  average  intensity  of  1  000%  of  the  normal. 
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TABLE  1. — Precipitation. 
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7.89 

16.37 
14.47 

44.02' 
36.101.54 

2.25 

1.03 

10.98 

48.6° 

9 

277 

1904 
1907 

0.60 
3.60 

4.95 
2.60 

7.. 30 
5.05 

12.85 
11.25  0.00 

0.95 

0.28 

2.68 

49.1° 

in 

RedBlufE 

307 

1904 
1907 

1.44 
6.10 

6.63 
3.13 

8.33 
5.92 

16.40, 
15.15  0.62 

0.28 

0.00 

2.93 

48.4° 

11 

Tehama 

220 

1904 
1907 

1.01 
4.75 

4.67 
2.96 

7.19 
5.38 

12.871 
13.09  0.86 

0.28 

0.30 

2.79 

50.8° 

i« 

Chico 

189 

1904 
1907 

0.80 
6.28 

5.64 
2.09 

9.33 

8.03 

15.77| 
18.671.58 

o.r3 

0.36 

4.79 

49.2° 

1.S 

Durliam 

160 

1904 
1907 

1.70 
6.45 

5.75 
2.09 

10.32 
8.39 

17.77 
16.93  1.61 

0.87 

0.45 

4.49 

50.4° 

u 

Willows 

136 

1904 
1907 

0.45 
4.84 

3.44 
1.02 

7.61 
3.63 

11.50 
9.48  0.70 

0.13 

0.05 

1.98 

49.1° 

15 

Colusa 

60 

1904 
1907 

0.66 
5.63 

3.13 

0.75 

5.67 
3.80 

9.46 
10.18  0.58 

0.22 

0.00 

2.21 

49.9° 

16 

Suisun 

20 

1904 
1907 

1.12 
8.89 

6.50 
3.59 

7.52 
7.57 

15.14 
20.051.61 

0.08 

1.55 

5.95 

52.0° 

17 

Dunnigan 

65 

1904 
1907 

0.66 
7.63 

5.33 
1.63 

8.87 
6.98 

14  86 

0.04 

1.40 

3.91 

16.24 

1.10 

52.9° 

18 

West  Branch 

3150 

1907 

17.96 

39.69 
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TABLE  l.—(Conti7iued.) 


Rainfall  Stations. 

Precipitation,  in  Inches. 

B 

n 

pd 

.d 

xi 

No. 

Name. 

> 

2 

1 

5fl 
oo 

t- 

C8 

^ 

1^ 

S5 

§2 
is 

S 

so 

s 

s 

S 

McCloud  Eiver  Drainage  Basin. 


19   JohnsCamp 19M     4.5()   19.73   27.26   51.49 


Pit  Ki\rER  Drainage  Basin. 


Csdarville 4  675  1904 

I  1907 

Alturas '  4460;i907 

I 


1.12!    4.87 
1.99|    3.70 


1.35     2.87 


4.61 
3.31 


4.13 


10.60 
9.00 


8.35 


0.67 
0.55 


0.40 
0.75 


0.06 
0.14 


1.59 
2.45 


34.4° 


Feather  Eiver  Drainage  Basin. 


^ 

2  321 

1 
1904 
1907 

3.43 
23.57 

23.39 

10.71 

30.13 
37.75 

56.95 

24.42 

72.037.65 

6.66|2.79 

41.9° 

''S 

250 

1904 
1907 

1.60 
6.71 

7.99 
3.59 

10.86 
10.90 

20.45 
21.20jl.lO 

1.44 

0.52 

5.57 

51.0° 

24 

Butte  Valley     

4  020 
3  600 

1904 
1907 

1904 
1907 

4.20 
11.% 

2.39 
9.57 

22.90 
6.78 

18.81 
4.48 

22.10 
26.76 

15.53 
24.51 

49.20 
45.50 

36.73 
33.56 

Greenville 

25 

4.^ 

6.17 

2.91 

19.89 

37.80 

26 

4  730'l9O4 
3  400  1904 

4.13 

2.46 
11.89 

29.10 

22.10 
4.96 

29.90 

10.83 
30.15 

63.13 

35.39 
47.00 

5.30 

6.50 

4.40 

25.55 

^ 

1907 

35.8° 

28 

4  850 
98 

1907; 

1904 
1907 

45.30 

8.33 
6.57 

W 

1.09 
4.56 

4.98 
1.85| 

14.42 

0.00 

0.00 

3.65 

12.97  0.20 

52.0° 

30 

Brush  Creek 

2  140 

1904 
1907 

4.81 
16.21 

23.11 
11.49 

25.01 
33.02 

52.93 
60.723.70 

5.40 

3.40 

23.96 

42.8° 

31 

67 

1904 
1907 

1.19 
4.52 

5.18 
4.30 

7.77 
10.59 

14.14 
19.41  0.30 

1.30 

2.00 

6.44 

53.8° 

S9 

213 

1904! 
1907 

1.48 
5.36 

7.22 
3.34 

9.35 
8.80 

18.05 
17.50 

0.97 

0.86 

0.25 

4.37 

50.8° 

HH 

Sterling  City 

3  525 

1904 
19071 

3.96 
24.63 

26.51 
17.54 

23.22 
43.38 

55.69 

7.90 

6.16 

32.86 

85.55 

6.66 

37.0° 
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TABLE  1.— (Continued.) 


Rainfall  Stations. 

Precipitation,  in  Inches. 

§1 

Q.C8 

d 

w 

.d 

.a 

A 

i^ 

No 

Name. 

00 

s 

S 

« 

C8 

5c 

t- 

X 

g 

^s 

fl^ 

> 
0) 

a 

►? 

b, 

s 

n 

b 

* 

1. 

S5 

S5 

Yuba  River  Drainage  Basin. 


34 

Colgate 

650 

1650 

2  580 

3200 

5  939 

7  017 

5000 

3400 
3250 

1904 
1907 

1904 
1907 

1904 
1907 

1904 
1907 

1904 
1907 

1904 
1907 

1904 
1907 

1907 

1907 

1907 

1907 

1907 
1904 

3.79 
7.86 

3.79 
10.54 

2.76 
10.91 

3.85 
10.25 

5.20 
14.70 

4.20 
13.50 

4.48 
17.75 

18.75 

9.92 
10.28 

14.04 
8.98 

19.17 

8.22 

16.44 
9.23 

30.80 
6.25 

30.40 
4.38 

30.35 
16.40 

16.78 

12.87 

8.19 
19.31 

13.66 
19.48 

18.64 
24.62 

21.89 
28.64 

26.87 
24.20 

21.30 
27.36 

31.66 
42.62 

36.12 

37.38 

36.93 

26.78 
29.01 
39  51 

21.90 
37.45 

31.48 
38.95 

40.57 
43.05 

42.18 
48.12 

62.87 
45.15 

55.90 
45.24 

66.49 
76.27 

Dobbins 

35 

2.50 
2.47 
3.07 
1.00 
1.43 
6.58 

2.33 
3.34 
4.51 
1.00 
2.42 
6.19 

2.60 
3.63 
3.97 
3.60 
2.32 
5.42 

13.04 
17.76 
21.10 
14.10 
16.06 
33.12 

36 

Nevada  City.        

37 

No.  Bloomfleld 

41.6" 

38 
39 

Cisco 

Summit 

39.8° 
34.4° 

40 

La  Porte 

28.8° 

41 

Comptonville 

32.2° 

4-?, 

Woodleaf 

69.00 

43 

Deer  Creek 

44 

Head  Dam 

45 

Fordyce  Dam 

Bowman's  Dam 

6500 
5500 

12.11 

5.37 
13.82 

11.26 

45.61 
12.68 

52.38 
90.49 

46 

1907 

31.46 

1 

57.95 

Bear  River  Draixage  Basin. 


47 

Bear  Valley 

4  600 

84 

2090 
3  222 

1904 
1907 

1904 
1907 

1907 

1907 

4.46 
14.59 

1.09 
4.67 

11.22 

10.47 

34.26 
11.10 

6.14 
3.06 

11.79 

9.61 

27.99 
35.50 

7.22 
9.64 

26.15 

21.61 

66.71 
61.19 

14.45 
17.37 

49.16 

41.69 

Wheatland 

48 

1.18 

1.23 

0.81 

6.19 

49 

50.6° 

50 

Gold  Run 

39.4° 
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Rainfall  Stations. 

Precipitation,  in  Inches. 

No. 

Name. 

o 
1 

® 

8 

1 

4     i 

03 

00 

i 

n   1 

s5 

A3IERICAN  KlVER  DRAINAGE   BASIN. 


*)1 

Colfax 

2  421 

1904 
1907 

3.50 
9.45 

20.10 
9.75 

20.46 

44.06 

2.40 

1.55 

2.85 

12.36 

19.46    38.66 

48.2° 

=)^ 

5  230 

1904 
1907 

3.75 
14.35 

25.10 
14.45 

31.22    60.07 
30.20    59.00 

2.00 

2.50 

4.50 

19.45 

30.0° 

53 

Georgetown 

2  650 

1904 
1907 

4.79 
8.96 

26.02 
13.50 

21.17    51.96 
29.07   51.53 

3.58 

1.08 

4.90 

19.47 

42.4° 

54 

Placerville 

2  109 

1904 
1907 

2.96 
8.13 

15.59 
8.15 

13.48   32.03 

2.03 

1.06 

4.28 

14.62 

20.54 

36.82 

47.0° 

55 

Rocklin 

249 

1904 
1907 

1.29 
5.51 

7.94 
5.71 

2.18 
12.46 

16.41 
23.68 

1.70 

0.15 

2.20 

8.65 

51.2° 

5fi 

Represa    

305 
1360 

1904 
1907 

1904 
1907 

1.15 
6.31 

2.73 
8.35 

8.33 
5.31 

13.34 

9.70 

8.55 
12.39 

11. as 

16.66 

18.03 
24.01 

27.90 
34.71 

Auburn 

57 

2.08 

0.39 

3.11 

11.23 

47.6" 

58 

Blue  Canyon 

4  695 

1904 
1907 

4.81 
13.18 

30.61 
17.95 

26.14 
35.11 

61.56 
66.24 

4.18 

4.35 

6.45 

27.33 

36.6° 

5<) 

Iowa  Hill 

2  825 

1904 
1907 

4.58 
11.52 

20.20 
10.13 

16.97 
24.36 

41.75 
46.01 

3.21 

16.35 

2.42  2.88 

42.6° 

60 

New  Castle 

970 

1904 
1907 

1.93 
7.09 

10.79 
6.72 

11.61 
14.10 

24.33 
27.91 

1.35 

1.18 

1.78 

8.49 

50.0° 

61 

Folsom 

252 

1904 
1907 

1.12 
5.25 

7.19 
5.65 

7.70 
11.06 

16.01 
21.96 

1.42 

0.10 

2.08 

7.33 

51.0° 

6^ 

Pilot  Creek    

4  000 
3  704 

1904 
1907 

1904 
1907 

5.48 
14.40 

3.84 
9.45 

29.88 
11.79 

25.50 
12.24 

25.45 

32.88 

23.29 
24.05 

60.81 
59.07 

52.63 
45.74 

Towle 

68 

2.40 

2.43 

2.69 

15.83 

37.7° 

Stony  Creek  Drainage  Basin. 


64 

Fouts  Springs 

1  650 

750 
254 

1904 
1907 

1904 

1904 
1907 

2.34 

14.85 

0.75 

9.44 
4.60 

4.79 

4.06 

12.73 
15.63 

6.22 

6.36 
3.97 

24.51 
35.08 

11.76 

Julian 

65 

0.57 

0.15 

0.12 

2.11 

fifi 

Orland 

48.8° 
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Kainpall  Stations. 

Pkbcipitation,  in  Inches. 

2-§ 

a 

«> 

£ 

j: 

ja 

M 

as 

No 

Name. 

'i^ 

4) 

S 

5| 
o  o 

Ha 

05 

S^ 

a*" 
32 

> 

o 

>-3 

fe         g 

c 

^ 

S 

c8 

^5 

Cache  Creek  Drainage  Basin. 


67 

Bartlett  Springs 

2  375 

1904 

2.48 

19.96 

16.75   39.19 

6S 

Kono  Toyee 

1350 

1904 

1.64 

8.78 

7.62 

18.04 

(W 

Lake  Port 

1325 
1350 

1904 

1904 
1907 

1.65 

1.62 
5.30 

13.37 

11.19 

4. GO 

12.72 

10.14 
10.63 

27.74 

23.95 
20.53 

2.40 

1.73 

0.70 

7.98 

70 

Upper  Lake 

47. 6« 

71 

GaJnda 

350 

1904 
1907 

0.75 
9.30 

6.80 
1.30 

7.55 

8.84 

15.10 
19.44 

1.30 

1.00 

1.70 

7.20 

47.9° 

72 

"Woodland 

63 

1904 
1907 

0.69 
4.45 

4.60 
3.24 

7.15    12.44 
5.901  13  .59 

4.10 

50..5"» 

PuTA  Creek  Drainage  Basin. 


73 

.MiddletowD 

1300 
51 

1904 

1904 
1907 

2.52 

0.53 

4.81 

16.99 

5.05 
2.28 

27.57 

7.57 
6.69 

47.08 

13.15 
13.78 

1.25 

0.07 

2.00 

5.24 

74 

Davisville 

56.1» 

75 

North  Lake  Port.   . 

1450 
.363 

1907 

1904 
1907 

5.45 

2.65 
10.89 

4.. 30 

16.08 
7.95 

12.35 

16.10 
19.50 

22.10 

34.83 
38.34 

76 

Caiistoga 

0.00 

5.60 

3.85 

16.60 

52.6» 

77 

Helen  Mine 

2  750 

1904 
1907 

4.52 
27.21 

34.22 
11.66 

31.48 
36.73 

70.22 
75.60 

7.40 

6.64 

5.10 

28.90 

43.4" 

78 

Vacaville 

175 

1904 
1907 

1.67 
6.51 

8.61 
3.08 

11.73 

8.48 

18.10 

0.13 

2.02 

0.29 

4.81 

49.7'' 

79 

Mt.  St.  Helena 

2300 

1904 
1907 

3.37 
19.95 

28.34 
12.18 

26.14 
24.20 

57.85 
56.33 
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Rainfall  Stations. 

Precipitation, 

IN  Inches. 

1^ 

f 

SS3 

n 

fl 

J3 

Xi 

fl 

*-> 

No 

Name. 

ts 

1 

fl 

^ 

-J 

t» 

00 

^^ 

c*!!^ 

1 

s 

o 

1-5 

fe 

S 

CO 

3 

II 

San  Joaquin  Drainage  Basin. 


80 

Ill 
293 

1904 
1907 

1904 
1907 

0.54 
4.70 

0.57 
3.35 

4.71 
2.65 

2.49 
0.94 

4.10 
5.47 

2.75 
1.74 

9.35 
12.82 

5.81 
6.03 

52.9° 

81 

0.12 

0.00 

0.32 

0.56 

52.8° 

8« 

255 

1904 
1907 

1.15 
4.40 

2.60 
0.77 

2.90 
5.56 

6.65 
10.73 

0.00 

0.45 

0.00 

2.96 

47.3° 

88 

Las  Banas 

121 

1904 
1907 

0.25 
3.17 

1.23 
1.17 

1:28 
4.39 

2.76 
8.73 

0.00 

0.45 

0.67 

2.78 

53.0° 

M 

Mendota 

177 

1904 
1907 

0.20 
2.83 

1.70 
1.31 

1.26 
1.79 

3.16 
5.93 

0.00 

0.03 

0.00 

0.64 

55.5° 

85 

Merced 

173 

1904 
1907 

0.55 
4.25 

2.30 
3.16 

2.34 
3.68 

5.19 
11.00 

0.00 

0.00 

0.22 

2.73 

51.7° 

86 

Newman 

91 

1904 
1907 

0.23 
3.35 

1.51 
1.49' 

2.33 

3.82 

4.07 
8.66 

0.15 

0.00 

0.67 

2.42 

51.8° 

87 

Stockton  

23 

1904 
1907 

0.54 
3.94 

4.09 
2.52 

3.67 
6.03 

8.30 
12.49 

0.53 

0.06 

1.22 

4.07 

51.2° 

88 

Storey 

296 

1904 
1907 

0.69 
2.70 

2.69 
0.48 

2.47 
1.35 

5.85 
4.53 

0.00 

0.00 

0.01 

0.47 

49.8° 

m 

Tracy 

64 

1904 
1907 

0.46 
3.22 

2.10 
1.70 

1.93 
5.04 

4.49 
9.96 

0.00 

0.00 

0.70 

2.75 

48.0° 

<¥) 

Westley 

90 

1904 
1907 

0.41 
5.18 

1.53 
1.39 

3.07 
3.55 

5.01 
10.12 

0.00 

0.18 

0.48 

2.31 

55.2° 

m 

No.  Fork 

8000 

345 
25 
46 

1904 
1907 

1907 

1907 

19041 

1907 

10.73 
14.30 

4.24 

4.64 

4.65 
6.43 

'27!9i 

9.30 

9.76 

7.72 
11.46 

Pollasky 

9.19 
4.20 

3.58 

i 

0.42 
3.23 

4.42 
0.86 
1.54 

2.65i 

1.80 

93 

9.S 

Lathrop 

Antioch 

1 

41.5° 

94 

0.65 

0.03 

0.83 

4.38 

54.8° 
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Rainfall  Stations. 

Precipitation,  in  Inches. 

RS 

CO 

a 

S3 

d 

j2 

«  t. 

No. 

Name. 

■■§ 

1 

s 

xi 

5S 

t- 

ao 

OS 

fel 

a -2 

» 

»? 

b. 

s 

^Fi 

c8 

03 

si 

tii 

CO 

s 

S  1  S 

CosuMNES  Drainage  Basin. 


Shingle  Springs 1  427 


1904     2.80    15.91    12.581  31.29 
1907     5.05     8.50    16.84,  30.39  , 


MOKELUMNE   ElVER   DRAINAGE   BASIN. 


% 

Mill  Creek 

3  500 
1500 

i9or 

1904 
1907 

10.20 

2.08 
6.25 

8.00 

13.79 
6.25 

24.45 

9.22 
13.85 

42.65 

25.09 
26.35 

97 

Kennedy  Mine 

98 

Electra 

725 

1904 
1907 

2.61 

7.47 

13.92 
5.15 

9.50 
18.01 

26.03 
30.63 

99 

Mokelumne  Hill 

1560 

1904 
1907 

2.44 
7.61 

13.35 
6.29 

9.52 
15.66 

25.31 
29.56 

100 

West  Point 

2  326 

1904 
1907 

4.62 
9.38 

16.3'> 
6.66 

13.49 
19.76 

34.47 
35.80 

101 

Gait 

49 

1904 
1907 

0.60 
4.00 

6.24 
3.29 

5.27 
7.59 

12.11 
15.38 

10« 

lone 

287 

1904 
1907 

0.90 
4.87 

7.05 
3.95 

5.00 
10.39 

12.95 
19.21 

103 

Lodi 

35 

1904 
1907 

0.72 
3.94 

5.77 
2.82 

4.85 
6.76 

11  34 

13.52 

2.06 


0.26 


1.00 
1.10 


4.55 


0.04 
0.11 
0.21 


4.04 


0.47 


1.47 
2.40 
1.18 


15.96 


10.04 


5.92 
6.27 
4.26 


41.5° 


53.2° 
48.0° 


51.-3° 
44.9° 
50.7° 


Calaveras  Drainage  Basin. 


104 
105 
106 


Milton 

Valley  Springs 
Jenny  Lind 


660 !  1904 
1907 

0.93 
4.76 

6.78 
2.53 

5.30 
9.27 

13.01 
16.56 

0.34 

0.35 

1.53 

4.90 

673  1904 
1907 

1.42 
5.51 

10.56 
4.31 

7.81 
11.12 

19.79 
20.94 

0.92 

0.25 

2.62 

6.66 

300,1907 

2.61 

9.38 

1 

51.2° 
54.2° 
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TABLE  1.— (Continued.) 


Rainfall  Stations. 

Pbecipitation,  in  Inches. 

No. 

Name. 

1 
1 

5 

5 

oo 

J3 

QD 

Mar.  19th. 

Mar. 
17th-26th. 

S5 

STAJSflSLAFS   KlVER  DRAINAGE   BASIN. 


107 

108 


Oakdale. 


Melones 

Relief  Creek 


156 

760 
7  500 


1904 
1907 


1907 
1907 


0.70 
3.72 


5.03 
11.88 


5.00 
2.36 


6.49 
2.63 


3.44 
6.37 


17.48 
29.43 


9.14 
12.45 


29.00 
43.44 


0.59 


0.00 


1.33 


49.1° 


Tuolumne  Eiver  Drainage  Basin. 


110   Jamestown. 


111  ,Tuol.  Camp 

112  ICrocker's  (Sequoia  P.  O.). 


113  Groveland 

114  Jacksonville. 

115  Modesto 


116   Sonora  , 


1  471  1904 
11907 


3  100  1907 


4  452  1904 
11907 


3  100  1907 
850,1907 


901904 
1907 


19001904 
1907 


1.96 

7.82 


12.96 
5.59 


4.92 


1.87    17.10 
13.49     5.82 


5.76i 


0.33 
4.11 


3.70 
4.54 


1.67 
3.00 


1.79    13.82 
7.38     5.40 


8.18 
17.27 


20.79 


19.56 
27.41 


15.95 
13.38 


2.15 

4.70 


8.63 
19.09 


23.10 

30.581.04  1.43 


35. e 


38.53 
46.72 


29.31 
23.68 


4.15 
11.81 


0.341.05 


24.24 

31.87  1.411.46 


1.83 


0.76 
1.93 


10.68 


3.64 
12.17 


49.0° 


57.. S° 
47.4° 


Merced  Kiver  Drainage  Basin. 


117 

Summerdale 

5  270 

3945 

375 
126 

1904 
1907 

1904 
1907 

1907 

1904 
1907 

2.60 
14.95 

2.99 
11.96 

4.04 

0.57 

14.96 
6.81 

13.95 
3.72 

2.08 

2.19 

17.09 
27.06 

12.53 

20.98 

5.85 

2.17 
3.26 

34.66 

0.71 
2.02 

1.90 
1.85 

13.90 
13.15 

118 

48.82  2.04 
29.471 

35.2° 

119 

36.66 
11.97 
4.93 

2.61 

38.4° 

1W 

1.64 

3.60 

0.60 

7.46 

0.00 

0.00 

0.22 

52.6° 
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TABLE  2. 


-Rainfall  Stations,  According  to  Elkvation, 
FOR  March,  1907. 


Elevation,  in  Feet. 

0-.500 

46 

Stations. 

500-1000 

10 
Stations. 

II'' 
1  000-2  000  2  000-3  000  8  000-4  000  4  000-5  000  5  000- 
12                 16                 15                 7           6STA 
Stations,  i  Stations.  Stations.  ,  Stations,  .tions. 

Basin. 

n 
o 

'it 
2i 

3 

B 

a 
o 

3 

S  a 

s 

0) 

1 

o  * 

a. 
19.46 

B 
B 

48.0° 

§■ 

5I 

D. 

23.16 

25.70 
26.15 
28.36 

£ 

Sp. 
E 
S 

H 

I- 
p. 

26.42 

i 

i 

s 

37  6° 

§ 

£ 
p. 

3 
S  Q. 

s 

i 

p. 

6.20 
9.22 

50.3° 
51.9° 

5.98 

49.6° 

44.6° 
42.4° 

Feather  

36.9° 

36.03 

32;2° 

Yuba 

19.31 

19.43 

41.6°  34.77 
21.61 

39.8°  42.62 
39.4°  35.50 
37.7°  35.11 

28.01 

Bear 

9  ("4 

50.6° 
51.1° 

American 

11.97 

14.1656.6°  16.66 

47.6° 

45.0° 

28.46 

36.6° 

30.20 

Cosumnes 

16.84 
14  76 

8.25 
9.38 
6.37 
4.70 
4.56 
4.12 
3.97 
7.37 
11.56 

49  6°  is  6i  53.2° 

48.0° 

19.76 

24.45 

41.5° 

10  20 -"i^  7° 

49.1°  17.48 
57.3°  13.38 

29.43 

Tuolumne 

18.18 

48.2° 

20.79 

15.95 
20.98 

38 '.4° 

27.41 
27.06 

Merced 

52.6° 
51.2° 
48.8° 
49.2° 
52.8° 

35.2°  

14.30 

Stony  Cr 

6.22 

15.63 
10.63 
12.35 

Cache  Cr 

47.6° 

Puta  Cr    . . 

30.46 

43.4° 

Average   of   all       \ 
Stations j 

6.65 

51.0°  12.09 

51.6° 

16.36 

48.2° 

25.24 

43.9° 

28.66 

38.3° 

34.25 

34.7° 

28.61 

A  comparison  of  the  precipitation  from  January  to  March,  1907, 
with  that  for  the  same  period  and  stations  in  1904,  shows  that,  for  the 
average  of  all  stations  in  the  water-shed,  the  precipitation  was  greater 
in  1907  than  in  1904,  and  that  the  difference  increases  from  the  north 
toward  the  south,  but  the  percentage  in  favor  of  the  former  is  quite 
small.  An  examination  of  Table  1  shows  that  the  precipitation  for 
January,  1904,  was  quite  light  compared  with  that  of  January,  1907, 
while  the  precipitation  for  February,  1904,  was  much  heavier  than 
for  February,  1907.  The  comparison  for  March,  however,  is  of  most 
importance,  as  regards  the  floods  of  1904  and  1907.  Such  a  com- 
parison is  made  in  Table  4,  where  it  is  seen  that,  with  the  exception 
of  the  Sacramento  River  Basin,  the  precipitation  throughout  the  water- 
shed was  much  greater  in  1907.  In  the  basins  of  the  tributaries  of  the 
Sacramento  Eiver  from  the  east,  the  rainfall  in  March,  1907,  was 
from  20  to  41%  greater  than  in  March,  1904,  while  for  basins  on  the 
west  it  is  only  from  2  to  3%  greater.  For  the  San  Joaquin  River 
and  its  tributaries  the  percentage  is  much  greater,  ranging  from  about 
50  to  80  per  cent.     The  distribution  of  the  precipitation  during  the 
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TABLE  3. — Results  at  Twt:nty-four  Stations,  Eanging  in 

AXTITUDE   FROM   60   TO    0  270   FeET. 


Drainage. 

o 

Precipitation  in  March,  1907. 

Temperature. 

Month. 

March 
17th-26th. 

March 
17th-19th. 

Month. 

March 
17th-20th. 

Station. 

i 

«  o3 

c 

c  ® 
a  be 

o 

5fF 

§0  . 

M 

«"S 

o 

d 

II 

2^ 

11 

a 

S 

s 

% 

(So 

Ph 

Ph 

IH 

^% 

J 

<H 

(8 

a 

Pit 

3 

4.13 

59 
67 

35 
33 

'"im" 

a5.6° 

47.6° 

43. 0» 

45.8° 

13° 

Auburn 

American... 

36 

16.66    224 

19° 

Cedarville 

Pit 13 

3.31    124 

48 

16 

37 

34.4° 

42.0° 

19° 

Chico. 

Sacramento.    37 
Sacramento.    24 

8.03    197 
3.80     28 

60 

58 

32 
21 

95 
27 

49.2° 
49.9° 

53.1° 
57.2° 

16° 

Colusa 

18° 

Fresno 

San  Joaquin   20 

1.74     32 

32 

25 

33 

52.8° 

58.1° 

18° 

Greenville 

Feather 13 

24.51    371 

81 

54 

254 

37.8° 

40.5° 

14° 

Merced 

San  Joaqviin   38 

3.68    156 

74 

6 

15 

51.7° 

52.5° 

25° 

Milton 

Calaveras. . .    17 
Yuba 15 

9.27    133 
24.62    193 

53 
69 

24 
38 

56 
111 

51.2° 
41.6° 

58.3° 
48.2° 

13° 

Nevada  City.. 

19° 

No.  Blmfld.... 

Yuba 10 

28.64    254 

74 

44 

156 

39.8° 

45.5° 

23° 

Palermo 

Feather 16 

8.80    247 

50 

23 

80 

50.8° 

55.5" 

17° 

Quincy 

Feather 12 

80.15    353 

85 

54 

244 

35.8° 

41.4° 

16° 

Red  Bluflf 

Sacramento.    30 

5.92     81 

50 

15 

27 

48.4° 

52.2° 

10° 

Redding 

Sacramento.    32 

7.28     53 

63 

32 

49 

49.0° 

52.9° 

10° 

Sacramento... 

Sacramento.    30 

7.28    148 

65 

37 

92 

50.9° 

56.6° 

12° 

Shasta 

Sacramento.    11 

14.47,  167 

76 

33 

88 

48.6° 

47.4° 

19° 

Stockton 

San  Joaquin    36 

6.03;  164 

67 

30 

79 

51.2° 

57.4° 

18° 

Summerdale  . 

Merced 11 

27.06    194 

51 

17 

50 

35.2° 

39.4° 

9° 

Upper  Lake. . 

Cache 22 

10.63 

23a 

75 

45 

152 

49.6° 

50.8° 

16° 

Wheatland.... 

Bear 20 

9.64 

247 

64 

33 

109 

50.6° 

56.7° 

17° 

Willows 

Sacramento.    28 

3.63 

118 

55 

24 

53 

49.1° 

54.7° 

17° 

Yosemite 

Merced 3 

20.9? 

63 

31 

38.4° 

39.5° 

17° 

Georgetown . . 

American ...    34 

29.07 

209 

67 

33 

102 

42.4° 

Average  of   a 

bove  24  Sta- 

21 

12.43 

179 

63 

31 

87 

45.5° 

50.7° 

16° 

Average   of  7 

1    Stations  in 

12.96 

185 

46.5° 

' 

Note  :— These  selected  stations  are  fairly  representative  as  regards  both  temperature 
and  precipitation.  It  is  observed  that  the  average  of  the  mean  temperatvire.  March  17th- 
20th,  is  5.2°  above  that  for  the  month. 

month,  however,  is  of  most  vital  significance.  For  March,  1904,  the 
precipitation  is  distributed  quite  evenly  throughout  the  entire  month, 
though  the  intensity  is  noticeably  greater  during  the  equinoctial  week. 
For  March,  1907,  however,  not  only  is  the  total  precipitation  for  the 
month  considerably  greater  than  in  1904,  but  its  periodic  occurrence 
in  a  series  of  storms  is  more  pronounced.  During  the  10-day  period 
centering  about  the  equinox,  the  intensity  was  so  great  that  about  70% 
of  the  total  precipitation  for  the  month  occurred  in  this  time,  while 
more  than  30%  of  it  was  recorded  on  March  17th,  18th,  and  19th. 
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TABLE  4. — Comparison   of  Precipitation   in   Sacramento  and   San 
Joaquin  Basins,  fob  March,  1904,  and  March,  1907. 


Number  of 

precipitation 

stations. 

Precipitation. 

Percentage  of 
Difference. 

River  basin. 

1904. 

1907. 

1904. 

1907. 

Sacramento 

17 

10 
8 
2 

11 
2 
3 
5 

13 
1 
7 
2 
1 
4 
3 

11.34 

16.52 

22.71 

17.60 

80.46 

9.54 

8.28 

18.60 

3.34 

12.58 

6.56 

8.12 

3.44 

9.63 

10.60 

10.13 
23.24 
27.20 
22.57 
25.67 

9.80 

8.46 
19.12 

4.86 
16.84 
10.20 
13.15 

6.37 
17.12 
17.10 

12 

Feather 

41 

Yuba  

20 

Bear 

28 

25 

Stony 

Cache 

3 
2 

Puta 

3 

San  Joaquin 

45 

Cosumnes 

34 

Mokelumne 

56 

Calaveras 

Stanislaus 

62 

85 

Tuolumne 

78 

Merced 

61 

Flood  Flow  op  Streams. 

On  the  following  pages  is  recorded  the  daily  flow  of  the  various 
streams  in  the  Sacramento  and  San  Joaquin  Basins  for  the  11  days, 
March  16th-26th,  also  the  mean  daily  flow  for  the  4-day  period,  March 
18th-21st,  at  all  places  where  gauging  stations  were  maintained.  The 
figures  given  herein  are  not  the  final  figures  as  they  may  appear  in 
the  Annual  Eeport  of  the  United  States  Geological  Survey,  but  they 
will  not  differ  materially  from  them.  In  all  cases  it  is  believed  that 
the  estimates  are  quite  conservative,  and  rather  inclined  to  be  too  low 
than  too  high. 

Pit  River. — This  river  drains  a  long,  comparatively  narrow,  and 
high  mountainous  area  in  the  northeastern  part  of  the  Sacramento 
Basin.  In  this  area  are  several  large  reservoir  sites.  Those  surveyed, 
to  June,  1905,  have  a  capacity  of  6  000  000  acre-ft.,  but  Big  Valley 
Eeservoir,  above  Bieber,  with  a  capacity  of  3  196  000  acre-ft.,  is  in  all 
probability  the  only  one  that  could  be  utilized  for  flood  control.  The 
precipitation  in  this  basin  above  Bieber  was  comparatively  light,  and 
occurred  mainly  as  snow,  so  that  the  run-off  per  square  mile  was  small. 

The  gauging  station  is  about  12  miles  below  Bieber  and  about  70 
miles  in  a  direct  line  above  the  mouth  of  the  McCloud  River.  The 
area  above  this  gauging  station  is  2  950  sq.  miles.  Table  5  contains 
data  on  the  flood  flow  at  this  station  during  the  flood  of  1907. 
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TABLE  5. — Flow  of  Pit  Ki\'ER.  xeae  Bieber. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  16th 

6.5 
12.8 
15.5 
16.4 
15.5* 
14.0* 
11.5* 
9.7 
8.5 
7.4 
7.3* 

2  770 

17th 

17  400 

IHth 

25  000 

19th 

27  500 

20th 

25  000 

21st 

20  800 

22d 

13  800 

23d 

8  810 

21th 

6110 

25th 

•   4  160 

36th 

4000 

Period. 

Mean  daily  discharge,  in 
cubic  feet  per  second. 

Total  run-off,  in  acre-feet. 

February 

4  180 

6  940 

24  600 

232  000 

March 

427  000 

March  18th-2lst 

195  000 

*  Estimated. 

The  mean  rate  of  flow  for  the  24  hours  when  it  was  greatest  was 
9.3  cu.  ft.  per  sec.  per  sq.  mile,  and  the  mean  rate  for  the  4  consecutive 
days,  March  18th-21st,  was  8.3  cu.  ft.  per  sec.  per  sq.  mile.  This  small 
run-off  was  due  to  light  precipitation  and  to  the  slow  melting  of  the 
snow. 

McCloud  River. — McCloud  River,  the  principal  tributary  of  the 
Pit  River,  drains  a  long,  narrow,  mountainous,  timbered  strip  of  about 
676  sq.  miles  on  the  north  side  of  the  Pit  River  Basin,  including  the 
southern  and  eastern  slopes  of  Mount  Shasta.  Its  low-water  flow  is 
remarkably  large,  never  having  been  less  than  1  200  cu.  ft.  per  sec.  at 
the  gauging  station  in  4  years. 

The  gauging  station  is  14  miles  east  of  Baird  Spur,  on  the  South- 
ern Pacific  Railroad,  at  Gregory  Post-Office,  and  the  drainage  area 
above  it  is  608  sq.  miles.  Table  6  contains  data  on  the  flow  at  this 
station  during  the  flood  of  1907. 

The  mean  rate  of  flow  at  this  station  for  the  24  hours  when  it  was 
greatest  was  50.0  cu.  ft.  per  sec.  per  sq.  mile,  and  the  mean  for  the 
4  consecutive  days,  March  18th-21st,  was  35.5  cu.  ft.  per  sec.  per  sq. 
mile. 

Upper  Sacramento  River. — The  gauging  station  on  the  Upper 
Sacramento  is  in  the  foot-hills  near  Iron  Canyon,  4  miles  above  Red 
Bluff,  at  an  elevation  of  about  310  ft.  above  sea  level.     The  drainage 
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area  above  it  includes  9  300  sq.  miles  of  mountains  and  foot-hills. 
About  38%  of  this  area  is  above  the  stations  on  Pit  and  McCloud 
Rivers.  Table  7  contains  data  on  the  flow  of  the  river  at  this  place 
during  the  floods  of  1907  and  1904. 

TABLE  (i. — Flow  of  McCloud  River,  near  Gregory. 


Date,  1907. 

Gauge  height . 

Discharge,  in  cubic  feet 
per  second. 

March    16th 

2.8 
4.0 

2460 

17th 

4  210 

18th 

9.4 

19  200 

19th 

12.0 

30  400 

•'       20th 

10.65 

24  200 

21st 

7.5 

12  700 

22tl 

5.9 

8  360 

•       23d 

5.5 

7  400 

■'        24th 

4.9 

6060 

25th 

4.55 

5.300 

26th 

3.95 

4120 

Period. 

Mean  daily  discharge,  in  cubic 
feet  per  second. 

Total  run  off,  in 
acre-feet. 

February 

March : 

March  I8th-21st 

5  490 

5  990 

21600 

305  000 
368  000 
171000 

TABLE  7. — Eloav  of  Upper  Sacramento  River,  near  Red  Bluff. 


Date.  1907. 

Gauge 
height. 

Discharge,  in 
cubic  feet 
per  second. 

Date,  1904. 

Gauge 
height. 

Discharge,  in 
cubic  feet 
per  second. 

March  16th 

6.6 

23  600 

March  7th 

16.30 

77  200 

"       17th 

10.0 

39  100 

8th 

24.401- 

147180 

"      18th 

21.4 

118  000 

"       9th 

18.95 

97  200 

•■      19th 

26.05 

164  000 

"      10th 

17.90 

88  940 

•'      20th 

28.7* 

192  000 

"      11th 

15.80 

73  700 

••      21st 

22.85 

132  000 

"      12th 

14.70 

66  220 

••      22d 

18.4 

92  900 

"      13th 

13.30 

57  400 

•'       23d 

21.65 

120  000 

"      14th 

15.80 

73  700 

'•      24th 

16.8 

80  800 

"      15th 

17.25 

84  050 

"      25th 

14.3 

64  000 

"      16th 

18.30 

92  040 

"      26th 

13.25 

57100 

Period. 

Mean  daily  discharge,  in 
cubic  feet  per  second. 

Total  run-off,  in 
acre-feet. 

Februarv,  1904 

46  300 
73  300 
45  700 
55  700 
152  000 

2  670  000 

March,  1904 

4  510  600 

Februarv.  1907 

2  540  000 

March.  1907 

3  420  (KW 

March  18th-21st,  1907 

1200  000 

*  Maximum  stage.  29.4  ft.;  discharge,  204  000  cu.  ft.  per  sec.  at  2  p.  m. 
+  February  16th,  the  stage  was  28.00  ft.:  maximum  stage,  31.0  ft.:  discharge,  224  OCO 
cu.  ft.  per  sec.  in  the  evening.    On  the  15th  the  stage  was  17.4  ft.  and  on  the  17tb,  15.2  ft. 
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The  mean  rate  of  flow  at  this  station,  for  the  24  hours  when  it  was 
greatest,  was  20.7  cu.  ft.  per  sec.  per  sq.  mile,  and  the  mean  for  the 
4  days,  March  18th-21st,  was  16.3  cu.  ft.  per  sec.  per  sq.  mile. 

Attention  is  directed  to  the  fact,  shown  in  Table  7,  that,  although 
the  flow  for  4  days  of  the  1907  flood  was  greater  than  for  any  4  con- 
secutive days  of  1904,  the  total  flow  for  March,  1907,  is  only  76%  of 
that  for  March,  1904. 

By  comparing  the  discharges  and  drainage  areas  above  the  gauging 
stations  on  the  Pit,  McCloud,  and  Sacramento  Rivers,  it  is  seen  that, 
although  the  drainage  area  above  the  stations  on  the  Pit  and  McCloud 
Rivers  is  38%  of  that  above  the  station  on  the  Sacramento,  the  com- 
bined flow  at  these  two  stations  is  only  21%  of  that  of  the  Sacramento 
during  February,  and  23%  during  March.  This  condition  is  due 
largely  to  the  slower  melting  of  snow  during  these  months  in  the 
higher  parts  of  the  basin. 

Feather  River. — The  Feather,  the  largest  tributary  of  the  Sacra- 
mento, derives  its  water  from  melting  snow  in  the  high  Sierras,  the 
highest  point  in  its  basin  being  more  than  10  000  ft.  above  sea  level. 
The  main  river  is  formed  by  the  union  of  three  streams,  the  North, 
Middle,  and  South  Forks,  above  Oroville.  Its  principal  tributaries 
are  the  Yuba  and  Bear  Rivers,  which  enter  it  below  Oroville. 

TABLE  8. — ^Flow  of  Feather  Eiter,  at  Oroville. 


Date,  1907. 

Gauge  height. 

Discharge,  in 
euhic  feet 
per  second. 

Date,  1904. 

Discharge,  in 
cubic  feet 
per  second. 

Marnh  16th 

19.7   • 

22.2 

26.75 

30.2*+ 

23.1* 

20.2* 

17.3* 

16.5* 

14.3* 

13.5* 

12.9* 

64  000 

79  200          1 
107  900 
129  600 

84  900 

66  740 

49  300 

44  750 

32  650 

28  500 

25  550 

March  17th 

"      18th 

"      19th 

"      20th 

"      21st 

"      22d. 

52  000 

17th 

95  000 

18th 

88  000 

'       19th 

82  000 

•       20th 

59  550 

'       21st 

43  350 

'       23rl 

•'      23d 

35  950 

23d 

"      24th 

"      25th 

"      26th 

29  900 

24th 

25100 

'       25th 

23  250 

'       26th 

Period. 

Mean  daily  discharge,  in 
cubic  feet  per  second 

Total  run-off,  in 
acre  feet. 

February,  1904 

27  800 
39  500 
21500 
36  0(J0 
97  300 

1  600  000 

March,  1904 

2  430  000 

February.  1907  

1  190  000 

March, 1907 

March  18th-21st,  1907 

2  210  000 
770  000 

•  Estimated.       t  Maximum,  about  1  a.  m.,  185000  cu.  ft.  per  sec. 
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TJie  gauging  station  is  on  the  main  stream,  in  the  foot-hills  at 
Oroville.  The  drainage  area  above  it  is  3  G40  sq.  miles.  Table  8  con- 
tains data  on  the  flood  flow  at  this  station  during  the  floods  of  1907 
and  1004. 

The  mean  rate  of  flow  for  the  24  hours  when  it  was  greatest  was 
35.6  eu.  ft.  per  sec.  per  sq.  mile,  and  the  mean  for  the  4  days,  March 
lSth-21st.  was  26.7  eu.  ft.  per  sec.  per  sq.  mile. 

It  is  seen  that,  although  the  maximum  daily  discharge  in  1904  is 
only  73%  of  that  in  1907,  the  total  flow  for  February  and  March  is 
greater  in  1904  than  in  1907  by  29%  and  10%,  respectively. 

The  other  four  largest  floods  in  the  stream  on  record,  or  even  re- 
called by  the  oldest  inhabitants  living  along  it,  occurred  in  1849, 
1853,  1861,  and  1881..  In  none  of  these  floods,  however,  was  the  water 
as  high  at  Oroville  as  in  March,  1907.  This  may  have  been  due  in 
part  or  entirely  to  the  filling  of  the  river  channel  at  and  below  Oro- 
ville with  mining  debris.  About  one-half  of  the  Town  of  Oroville  was 
flooded  for  3  days.  The  water  was  about  3  ft.  deep  on  the  floor  of  the 
Union  Hotel.  The  highway  bridge  and  the  Northern  Electric  Rail- 
way bridge  in  Oroville  were  swept  away,  and  also  other  bridges  along 
this  stream. 

The  great  range  of  river  stage  and  its  rapid  fluctuations  are  shown 
by  Table  9,  the  gauge  record  at  Big  Bend,  15  miles  above  Oroville. 


TABLE  9. — Gauge  Record  ox  Feather  River,  at  Big  Bend.* 


Day. 

« 
Hour. 

Gauge  height. 

March  14th 

7  A.  M. 

8  " 

8  " 

9  " 

1  P.  M. 
6     '• 

3  a.  m. 
10    " 

4  p.  M. 
1  A.  M. 

10    '• 

10      " 

10    '• 

5  p.  M. 
10  a.  m. 

6  9 

"      loth 

6  6 

"      16th 

6.6 

"      17th 

10  0 

"      17th 

13  0 

'•      171h 

20  0 

"      18th 

25.0 

"      l«h 

31  0 

"      18th 

32.5 

"      t9th 

36  0 

"      19th 

34  5 

"      20th 

28  0 

"      21st 

22  0 

"      22d 

18  0 

"      2oth 

10  0 

Note:  Low-water  reading,  2  ft. 

♦Data  furnished  by  Great  Western  Power  Company,  through  Mr.  L.  J.  Bevan. 

Indian  Creeh. — Indian  Creek  is  a  tributary  of  the  North  Fork  of 
the  Feather  River,  and  its  water-shed  is  at  a  high  altitude.    The  gaug- 
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ing  station  is  about  li  miles  below  the  Town  of  Crescent  Mills.  The 
drainage  area  above  this  station  is  740  sq.  railes,  the  larger  part  of  it 
being  at  an  elevation  of  more  than  5  000  ft. 

TABLE  No.  10. — Floav  of  Indian  Creek,  near  Crescent  Mills. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  161  h 

"       17th         

4.4 
7.1 
17.0 
19.7* 
17.9 
14.7 
10.95 
9.0 
7.8 
7.7 
7.5 

905 

2  570 

iHth 

9  500 

19th 

11500 

20th 

10100 

'•       21st            

7  890 

23ti.            

5  265 

23d 

3  900 

24th 

3  060 

"       25th          

2  990 

"       2t)th 

2  850 

Period. 

February 

March'i8th-21st.!!! 


Mean  daily  discharge,  in 
cubic  feet  per  second. 


2  210 
2  940 
9  750 


Total  run-oflf.  in  acre-feet. 


123  000 
Irtl  000 
77  400 


*  Maximum,  20.3  ft. 


The  mean  rate  of  flow  for  the  24  hours  when  it  was  greatest  was 
15.5  cu.  ft.  per  sec.  per  sq.  mile. 

It  is  seen  that  the  maximum  ruu-ofi  per  square  mile  during  this 
.flood  is  less  than  one-half  of  that  from  the  water-shed  of  the  Feather 
Eiver  above  Oroville,  due  to  the  slower  melting  of  the  snow  at  high 
altitudes. 

Yuba  River. — The  Yuba  is  the  largest  tributary  of  the  Feather 
River,  entering  it  at  Marysville,  30  miles  above  the  junction  of  the 
Feather  and  Sacramento  Rivers  and  26  miles  below  Oroville.  The  en- 
tire area  drained  by  it  is  about  1  330  sq.  miles,  of  which  1  220  sq.  miles 
are  above  the  gauging  station  near  Smartsville.  The  basin  is  com- 
paratively long  and  narrow,  the  highest  point  having  an  elevation  of 
9  000  ft.,  which  is  not  as  great  as  that  of  the  Feather  River,  the  high- 
est point  of  which  is  more  than  10  000  ft.  A  large  part  of  the  basin 
is  more  than  5  000  ft.  above  sea  level.  Table  11  contains  data  on  the 
flow  of  this  stream  at  Smartsville  during  the  floods  of  1907  and  1904. 
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Taulk  U.  -Flow  ok  Ylba  IIivek,  at  Smautsvilt.k. 


Discharge,  in 

Discharge,  in 

Date,  iy*)7. 

Gaiifre  lieight. 

ciibij  teet 
per  seconU. 

Date 

1004. 

cubic  teet 
per  second. 

JUrch  16th 

14.3 
24.0 

6600 

56  000 

February 

16th 

17th 

58  000 

•'     17th 

41  000 

"     IMh 

27.9 

85  000 

" 

18th 

17  880 

'•     19th 

29.9* 

100  000 

" 

19th 

12  340 

"     20th 

24.0 

eotHw 

" 

20th 

9  350 

•'     2Ist 

18.5 

27  000 

" 

21st 

9  350 

'•     22d 

15.9 

14  000 

" 

22d 

59  800 

••     23d 

Hi.  4 

10  5(X)           j 

" 

23d 

27  660 

••     a4th 

15.0 
14.5 

1 1  000          ! 
9  900           , 

'■ 

24th 

25th 

.59  800 

•'     25th 

24  080 

"     26th 

14.1 

8900 

Period. 


Mean  daily  discharge,  in 
cubic  feet  per  second. 


Total  runoff .  in  acre-feet. 


February.  1904 

March,  1904 

February,  1907 

March,  1907 

iMarch  18th-21st,  1907. 


14  900 

15  400 
14  100 
17  300 
68  000 


858  000 
947  000 
783  000 
1060  000 
537  000 


*  Maximum  stage,  29.5  ft.  about  2  p.  m. 

The  mean  rate  of  flow  for  the  24  hours  when  it  was  greatest  was 
82.0  cu.  ft.  per  sec.  per  sq.  mile.  The  maximum  daily  discharge  of 
this  stream  was  67%  greater  in  1907  than  in  1904.  The  total  dis- 
charge for  March,  1907,  is  larger  than  for  March,  1904,  but  the  total 
for  February  and  March  combined  is  about  the  same  for  the  two  years. 
The  effect  of  rapid  melting  of  snow  in  the  middle  altitudes  is  clearly 
shown  here  by  the  large  run-off  per  square  mile. 

Bear  River. — The  Bear  is  the  most  southern  tributary  of  the 
Feather  River,  entering  it  about  12  miles  above  the  mouth.  It  drains 
an  area  of  about  290  sq.  miles,  of  which  263  sq.  miles  are  above  the 
gauging  station  at  Van  Trent,  8  miles  above  Wheatland.  Its  head- 
waters do  not  reach  back  to  the  crest  of  the  Sierras,  and,  as  much  of 
its  drainage  basin  is  deforested,  it  is  more  torrential  than  the  main 
stream.  The  greatest  altitude  in  the  basin  is  about  5  500  ft.  Table 
12  contains  data  on  its  flow  during  the  1907  flood. 

The  mean  rate  of  flow  for  March  19th  is  106.5  cu.  ft.  per  sec.  per 
sq.  mile,  and  the  mean  for  March  I7th-20th  is  75.3  cu.  ft.  per  sec.  per 
sq.  mile. 

It  will  be  noticed  that  the  run-off  per  square  mile  was  106.5  cu. 
ft.  per  sec.  on  March  19th,  and  102.7  cu.  ft.  per  sec.  on  February  2d. 
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TABLE  12.— Flow  of  Bear  Kiver,  at  Van  Trent. 


Date,  1907. 

Grauge  height. 

Discharge,  in  cubic  feet 
per  second. 

Ma.1 

•ch   16th 

4.9 
13.95 
12.75 
17.8 
13.6 
9.6 
8.8 
13.2 
9.7 
9.4 
8.1 

900 

17th 

18  200 

18th 

15  500 

19th 

28  000 

20th 

17  400 

21st 

8400 

22d 

6  600 

23d  ...     . 

16  500 

24th 

8600 

25th 

8000 

26th 

5000 

Period. 

Mean  daily  discharge,  in  cubic 
feet  per  second. 

Total  run-off,  in 
acre-feet. 

February 

3  460 
5  570 
19  800 

192  000 

March 

;il2  000 

March  17th-20th 

157  000 

Note  :    On  February  2d  the  discharge  was  27  0()0  ou.  ft.  per  sec. 

American  River. — The  American  River  drains  an  area  of  about 
2  000  sq.  miles,  directly  south  of  Bear  River  Basin  and  north  of 
Cosumnes  River  Basin.  It  has  three  main  forks,  two  of  which  head 
at  an  elevation  of  about  9  000  ft.  above  sea  level,  while  the  South 
Fork  reaches  back  to  an  elevation  of  more  than  9  600  ft.  The  gaug- 
ing station  is  at  Fair  Oaks,  and  the  drainage  area  above  it  is  1  910 
sq.  miles,  a  large  part  of  which  has  an  altitude  of  more  than  5  000  ft. 
Table  13  contains  data  on  the  flow  of  this  stream  during  the  flood  of 
1907. 

TABLE  13. — Flow  of  American  Eiver,  at  Fair  Oaks. 


Mai 

Date,  1907. 

Gauge  height. 

Discharge,  in  cubic 
feet  per  second. 

ch  18th 

6.1 
13.40 
20.60 
27.6*t 
23.9* 
21.0* 
18.4* 
13.5 
13.25 
12.30 
11.. iO 

6  800 

'      17th 

33  000 

'      18th 

63  200 

'      19th 

93  000 

'      20th 

77  000 

'      2lst 

65  000 

'      22d ■ 

'      23d 

54  000 
33  400 

'      24th..... 

•      25th 

'      26th 

32  300 
28  400 
25J0OO 

Period. 

Mean  daily  discharge,  in 
cubic  feet  per  second 

Total  runoff,  in 
acre-feet. 

February  

14  200 
23  200 
74  600 

789  000 

March 

1  430  000 

March  18th-aist 

594  000 

*  Bridges  and  gauges  washed  away.    Gauge  height  estimated. 
t  Maximum  stage,  30.2ft., about  5  a.  m. 
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The  greatest  mean  daily  discharge  at  this  station  was  48.7  cu.  ft. 
per  sec.  per  sq.  mile,  and  the  greatest  4-day  mean  was  39.1  cu.  ft.  per 
sec.  per  sq.  mile. 

Attention  is  called  to  the  fact  that  the  run-off  per  square  mile  for 
the  American  River  is  about  50%  greater  than  that  of  the  Feather 
River,  although  the  percentage  of  each  basin  with  an  altitude  exceed- 
ing 5  000  ft.  is  about  the  same. 

Stony,  Cache,  and  Puta  Creeks. — These  three  streams  are  the 
largest  tributaries  of  the  Sacramento  River  from  the  west.  They 
drain  the  eastern  slope  of  the  Coast  Range,  and  are  torrential.  Stony 
Creek  is  the  only  one  of  the  three  that  flows  directly  into  the  Sacra- 
mento River;  the  other  two  empty  into  Yolo  Basin.  The  gauging 
station  on  Stony  Creek  is  in  the  foot-hills,  near  Fruto,  and  the  drain- 
age area  above  it  comprises  601  sq.  miles.  The  station  on  Cache 
Creek  is  near  Yolo,  and  the  area  above  it  is  1 230  sq.  miles.  Puta 
Creek  station  is  at  Winters,  and  the  area  above  it  is  805  sq.  miles. 
Table  14  contains  data  on  the  flow  of  these  streams  during  the  flood 
of  1907. 

TABLE  14. — Flow  of  Stony,  Cache,  and  Puta  Creeks. 


Date,  1907. 

Stony 

Creek. 

Cache  Ckeek. 

Pita  Creek. 

Gauge. 

Discharge. 

Gauge. 

Discharge. 

Gauge. 

Discharge. 

March  17th 

9.45 
14.25 
13.15 
11.8 

9.8_ 

ll!55 
8.7 
8.15 
7.75 

6  100 
25  OiJO 
20  000 
13  450 

6  810 

3  350 
12  300 

4  760 
3  910 
3a50 

6.80 
19.45 
25. soi- 
ls.20 
12.65 
12.00 
20.85 
19. HO 
16.15 
12.55 

2  950 

13  500 
19  000 

12  500 
7  820 
7  300 

14  800 

13  400 
10  800 

7  750 

15.30 

21.60 

23.65 

16.15 

12.35 

11.90 

26.69* 

15.60 

14.75 

11.40 

8  800 

18th 

19  800 

"        19th 

20th 

21st 

22d 

24  700 
10  000 
5460 
5000 

23d 

31  500 

24th 

9  200 

25th 

8100 

26th 

4  500 

Period. 

Meani 

CDBIC 

>AILY  DISCHA 
I^ET  PER  SE 

RGB,  IN 
COND. 

To 

pal  run-off 
acre-feet. 

IN 

stony  Or. 

Cache  Cr. 

Puta  Cr. 

Stony  Cr. 

Cache  Cr. 

Puta  Cr. 

February 

3  330 
4450 
16  300 

2  320 

5  310 

13  200 

1  740 
5  030 
15  000 

185  000 
273  000 
129  000 

129  000 
326  000 
105  000 

*  96  600 

March  

309  000 

March  isth-21st 

119  000 

*  Maximum.  28.15  ft.,  about  noon.         t  Maximum,  about  26.4  ft.,  during  night. 
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The  greatest  daily  rate  of  flow  per  square  mile  was,  for  Stony 
Creek,  41.6  cu.  ft.  per  sec.;  for  Cache  Creek,  15.5  cu.  ft.  per  sec;  for 
Puta  Creek,  39.1  cu.  ft.  per  sec.  The  small  run-off  from  Cache  Basin 
is  attributed  to  the  storage  and  regulation  effects  of  Clear  Lake. 

San  Joaquin  Biver. — Prior  to  the  flood  of  March,  1907,  no  gaug- 
ing station  had  been  established  on  the  San  Joaquin  River,  because  of 
inability  to  find  a  satisfactory  section.  In  the  fall  of  1907,  however,  a 
station  was  established  in  the  foot-hills  near  Pollasky,  about  20  miles 
northeast  of  Fresno,  where  fair  conditions  obtain.  The  drainage  area 
above  this  station  is  1  640  sq.  miles.  In  making  an  estimate  of  the  run- 
off for  March  18th-21st,  a  rate  of  10  cu.  ft.  per  sec.  per  sq.  mile  has 
been  used.  This  rate  is  based  on  the  rates  in  the  basins  to  the  north 
and  south,  and  is  believed  to  be  quite  conservative. 

Mohelumne  Biver. — Mokelumne  River  has  a  very  narrow  and  very 
long  drainage  basin  which  extends  eastward  to  the  summit  of  the 
Sierras.  From  the  low  foot-hills  to  the  junction  of  the  three  branches, 
about  30  miles  above,  its  basin  is  a  broad  canyon  with  a  minimum 
width  of  1.1  miles.  A  large  percentage  of  the  upper  basin  ranges  from 
7  000  to  9  000  ft.  in  elevation,  and  several  peaks  are  more  than  10  000 
ft.  high. 


TABLE  15. — Flow  of  Mokelumne  River,  near  Clements. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

Mai 

•ch  16th 

7.15 
13.60 
17.00 
21.00 
17.9 
15.9 
13.0 
13.3 
13.0 
11.6 
11.2 

2  000 

'       17th 

8  600 

'       18th 

12  200 

'       19th 

17  000 

'       20th 

13  000 

21st 

11  200 

'       22d 

8000 

'      23d 

8.300 

'      24th 

8  000 

'      25th 

6  500 

'      26fch 

6  400 

Period. 

Mean  daily  discharge,  in  cubic 
feet  per  second. 

Total  runoff,  in  acre-feet. 

February  

2930 
5  320 
13  350 

162  000 

March 

327  000 

March  ]8th-21st 

106  000 

This   river   drains   an   area   of  about   660   sq.   miles   between  the 
American  and   Stanislaus  Rivers,  and  empties  into  the  San  Joaquin 
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through  Georgiana  Slough  at  the  west  end  of  Bouldin  Island.  It 
heads  in  the  Sierras  at  an  elevation  of  ahout  10  000  ft.  The  area 
above  the  gauging  station,  near  Clements,  is  642  sq.  miles,  fully  two- 
thirds  of  which  exceeds  an  altitude  of  5  000  ft.  Its  principal  tributary 
is  Cosunines  Eiver,  which  enters  from  the  north,  about  8  miles  from 
Walnut  Grove,  and  about  25  miles  below  the  gauging  station.  Table 
15  shows  the  flow  of  this  stream  during  the  flood  of  1907. 

The  greatest  run-off  at  this  station  in  24  hours  during  this  flood  was 
26.5  cu.  ft.  per  sec.  per  sq.  mile,  and  the  greatest  4-day  mean  was  20.8 
cu.  ft.  per  sec.  per  sq.  mile. 

Attention  is  called  to  the  fact  that  the  maximum  daily  discharge 
was  not  much  larger  than  the  mean  for  4  days,  showing  quite  clearly 
the  effect  of  the  configuration  of  the  water-shed.  The  small  run-off 
per  square  mile  resulted  from  the  fact  that  such  a  large  percentage  of 
the  area  is  at  a  high  altitude. 

Cosumnes  River. — Cosumnes  Eiver,  the  chief  tributary  of  the 
Mokelumne,  rises  at  an  elevation  of  about  7  700  ft.  above  sea  level, 
and  drains  an  area  of  about  580  sq.  miles.  The  discharge  at  Michigan 
Bar,  30  miles  above  the  mouth,  where  the  drainage  area  is  524  sq. 
miles,  for  the  period,  March  lStli-22d,  is  given  in  Table  16. 

TABLE  16. — Flow  or  Cosumnes  Eiver,  at  Michigan  Bar. 


Date,'l907. 

Discharge,  in 

cubic  feet  per  second. 

March  18th 

7  600 

"      19th*.               

32  600 

"      20th 

9  300 

"      21st  

3  900 

"      22d 

3  300 

March  18th-21st 

Mean... 

..13  350 

*  Maximum  at  6  a.  m. 

The  greatest  run-off  in  24  hours  during  this  flood  was  62.2  cu.  ft. 
per  sec.  per  sq.  mile,  and  the  greatest  4-day  mean  was  25.5  cu.  ft.  per 
sec.  per  sq.  mile.  The  discharge  for  this  stream  has  been  computed 
from  data  on  the  cross-section  and  slopes  of  the  bed  and  flood  plane 
obtained  after  the  flood.  A  regular  gauging  station  has  been  estab- 
lished at  Michigan  Bar  since  the  March  flood. 

Calaveras  River. — The  Calaveras  is  a  comparatively  small  stream, 
draining  an  area  of  490  sq.  miles  on  the  western   slope  of  the  Sierras 
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between  Mokelumne  and  Stanislaus  Rivers.  It  empties  into  the  San 
Joaquin  River  about  5  miles  northwest  of  Stockton.  Its  headwaters 
have  an  elevation  of  6  000  ft.,  which  is  greater  than  those  of  Bear 
River,  but  only  a  very  small  portion  of  the  basin  exceeds  4  000  ft. 
The  data  in  Table  17  were  obtained  during  the  1907  flood,  near  Jenny 
Lind,  above  which  point  the  area  of  the  drainage  basin  is  395  sq.  miles. 

TABLE  17. — Flow  or  Calaveras  River,  near  Jenny  Lind. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  18th 

■   5.4 

11.4* 

5.4 

5.0 

5.0 

.3  800 

19th    

26100 

"      20th 

3800 

"      21st 

3  300 

"      22d 

3  300 

March  18th-21st .' 

Mean.... 9  250 

*  Maximum  stage  at  8  a.  m. 

The  maximum  run-off  in  24  hours  was  66.2  cu.  ft.  per  sec.  per  sq. 
mile,  and  the  mean  for  the  4-day  period  was  23.4  cu.  ft.  per  sec.  per 
sq,  mile. 

As  in  the  case  of  the  Cosumnes,  the  discharge  of  this  stream  has 
been  computed  from  meter  measurements  after  the  flood,  and  from 
slope  and  cross-section  data.  A  gauging  station  has  been  established 
at  Jenny  Lind  since  the  March  flood.  The  small  maximum  daily  run- 
off of  the  Mokelumne,  as  compared  with  that  of  the  Cosumnes  and 
Calaveras,  is  quite  fully  accounted  for  by  the  difference  in  the  topog- 
raphy of  the  basins. 

Stanislaus  River. — Stanislaus  River,  which  drains  the  area  between 
^fokelumne  and  Tuolumne  Rivers,  empties  into  the  San  Joaquin 
River  about  11  miles  south  of  Lathrop.  Its  headwaters  have  an  ele- 
vation of  from  10  000  to  12  000  ft.  The  area  drained  includes  about 
1  050  sq.  miles,  of  which  935  sq.  miles  are  above  the  gauging  station 
at  Knights  Ferry.  About  500  sq.  miles  have  an  altitude  of  more  than 
5  000  ft.  Table  18  contains  data  on  the  flow  at  this  station  during  the 
flood  of  1907. 

The  greatest  run-off  in  24  hours  at  this  station  during  the  1907 
flood  was  58.1  cu.  ft.  per  sec.  per  sq.  mile,  and  in  1904  it  was  32.3  cu. 
ft.  per  sec.  per  sq.  mile.     The  greatest  4-day  mean  in  1907  was  34.5 
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cu.  'ft.  per  sec.  per  sq.  mile.     It  is  seen  that  the  maximum  run-off  at 
this  station  in  1904  was  only  57%  of  that  in  1907. 

TABLE  18. — Flow  of  Stanislaus  River,  at  Knights  Fekry. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  16th 

8.85 
14.50- 
17.35 
25.30 
19.10 
15.60 
14.55 
14.15 
13.80 
14.20 
12.75 

2  730 

17th 

15  580 

"       18th. 

24  100 

19th 

54  300 

20th 

31  4(j0 

21st 

19  200 

22d 

15  740 

23d 

14  470 

24th 

13  430 

25th 

14  630 

26th 

10  420 

Period. 

Mean  daily  discharge,  in 
cubic  feet  per  second. 

Total  run-oflf ,  in  acre-feet. 

February  

3  440 
9880 
32  250 

191  000 

March 

608  000 

March  I8th-21st 

256  000 

TxlBLE  10. — Flow  of  Tuolumne  Eiver,  at  LaGrange. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  16th 

"        17th..            

6.55 
11.20 
13.50 
15.75 
13.00 
11.50 
10.50 

9.80 
10.65 
10.65 

9.30 

3  420 
20  200 

"        18th 

33  400 

"        19th                        

51  800 

20th 

30  500 

'•        21st 

21  500 

22d         

16  700 

"        23d      

13  500 

24th 

17  000 

25th 

17  000 

"        26th. 

11  500 

Period. 


Mean  daily  discharge,  in 
cubic  feet  per  second. 


Total  run-oflf,  in  acre-feet. 


February 

March 

March  18th-21st 


3  910 
11  100 
34  300 


217  000 
682  000 
271  000 


Tuolumne  River. — Tuolumne  Eiver,  which  drains  an  area  imme- 
diately south  of  the  Stanislaus  River,  heads  in  the  high  peaks  of  the 
Sierras  ahove  Yosemite  National  Park,  at  an  elevation  of  about  13  000 
ft.,  and  empties  into  the  San  Joaquin  River  about  10  miles  west  of 


316  THE  FLOOD  OF  MARCH,  1907,  IX   CALIFORNIA  RIVERS 

Modesto.  The  area  above  the  gauging  station  at  LaGrange  is  1  500  sq. 
miles.  Table  19  contains  data  on  the  flow  at  this  station  during  the 
1907  flood. 

The  greatest  daily  rate  of  run-off  at  this  station  during  this  flood 
was  34.5  cu.  ft.  per  sec.  per  sq.  mile,  and  the  greatest  4-day  mean  rate 
was  22.9  cu.  ft.  per  sec.  per  sq.  mile. 

Merced  River. — Merced  River  drains  the  area  between  Tuolumne 
River  and  the  Upper  San  Joaquin,  and  empties  into  the  latter  about 
26  miles  northwest  of  Merced.  It  heads  at  the  summit  of  Mt.  Lyell, 
at  an  elevation  of  13  090  ft.,  and  drains  the  southern  and  western 
slopes  of  this  mountain,  while  the  Tuolumne  drains  the  northern  slope. 
In  this  basin  is  the  famous  Yosemite  Valley,  with  its  great  waterfalls 
and  barren  domes.  The  gauging  station  on  this  stream  is  at  Merced 
Falls,  above  which  the  drainage  area  is  1  090  sq.  miles.  Table  20  con- 
tains data  on  the  flow  of  this  stream  at  the  station  during  the  flood 
of  1907. 

TABLE  20. — Flow  of  Merced  Rn"ER,  at  Merced  Falls. 


Date,  1907. 

Gauge  height. 

Discharge,  in  cubic  feet 
per  second. 

March  Ifith 

10.85 

15.2 

14.8 

18.0 

16.05 

14.8 

13.95 

13.55 

16.55 

15.60 

13.65 

2  200 

"     17th 

"     ISth 

'•     19th 

"     20th 

"     21st 

14  400 
13  000 
23  000 
17  400 
13  000 

"    22d .     .. 

10  200 

"     2M 

8  800 

'^     24tli 

19  200 

"     25th. . .                           

15  800 

"     26th 

9  200 

Period. 

February 

March 

March  18th-21st.. . , 


Mean  daily  discharge,  in 
cubic  feet  per  second. 


Total  runoff,  in  acre-feet. 


1920 
7  170 
16  600 


107  000 
441  (XX) 
132  000 


The  greatest  daily  rate  of  flow  during  this  flood  was  21.1  cu.  ft. 
per  sec.  per  sq.  mile,  and  the  greatest  4-day  mean  was  15.7  cvi.  ft.  per 
sec.  per  sq.  mile.  The  small  run-off  per  square  mile  arises  from  the 
fact  that  much  of  the  basin  has  a  high  altitude,  and  that  the  precipi- 
tation was  not  as  heavy  as  in  the  basins  to  the  north. 
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Flow  THROuaii  Sacramento  and  San  Joaquin  Valleys. 

The  rate  of  inflow  into  the  Sacramento  and  San  Joaquin  Valleys 
from  the  metered  mountain  and  foot-hill  areas  during  this  flood  can 
be  seen  from  the  preceding  pages.  For  ready  reference,  however,  these 
rates  of  inflow  at  gauging  stations  for  the  4-day  period,  March  18th- 
21st,  are  given  in  Table  21. 


TAHLK  -Jl. — Run-Off  from  Sacramento  and  San  Joaquin  Basins, 
IN  Cubic  Fket  per  Seconp,  for  March  18th-21st,  1907. 


stream. 


Date,  March,  1907. 


Sacramento Red  Bluff. 

Stony Fruto 

Feather 'Oroville, 

Yuba jSmartsville 

Bear.. Van  Trent 

American [Fair  Oaks 

Cache |Yolo 

Puta I  Winters 

Unmetered  mountain  and  foot-hills 
Sacramento  Vallev 


Total,  Sacramento  Basin 27 126 


Mean  for 

March 
18th-21st. 


151  500 

16  310 
97  290 
68  000 

17  300 
74  600 
13  200 
15  000 
76  000* 
25  500t 


.554  700 


Cosumnes 

Mokelumne  . . . 

Michigan  Bar 

Clements 

524 

642 

395 

935 

1500 

1090 

1640 

5  656 

5  890 

7  600 

12  200 
3  800 

24  100 
33  400 

13  000 

32  600 
17  000 
26100 
54  300 
51800 
23  000 


9  300 
13  000 

3  800 
31  400 
30  500 
17  400 

3  900 
11200 

3  300 
19  200 
21  500 
13  000 

13  350 
13  350 

Calaveras . 

Jennv  Lind 

9  250 

Stanislaus . 

Tuolumne 

Merced 

Knights  Ferry 

LaGrange 

Merced  Fails 

32  250 
34  300 
16  600 

San  Joaquin. .. 

Pollaskv 

16  4005 

Unmetered  mountain  and  foot-hills 

::::::':  ::::;:■■ 

67  900t 

San  Joaquin  Valley . . 

23  560§ 



Total,  San  Joaoum  Basin 

16  272 



226  960 

*  Run-off  per  square  mile  assumed  as  50%  of  precipitation  for  period,  March  17th-20th, 
or  29  cu.  ft.  per  sec. 

t  Run-off  per  square  mile  assumed  as  50%  of  precipitation  for  period.  March  17th-20th, 
or  12  cu.  ft.  pei-  sec. 

t  Run-off  per  square  mile  assumed  as  400^,  of  rainfall  for  pei'iod,  March  17th-20th,  or 
6  cu.  ft.  per  sec. 

5i  Run-off  per  square  mile  assumed  as  40%  of  rainfall  for  period,  March  17th-20th.  or 
4  cu.  ft.  per  sec. 

Run-off  per  square  mile  assumed  as  10  cu.  ft.  per  sec. 

From  Table  21  it  is  seen  that  the  mean  rate  of  run-ofi  from  the 
metered  area  of  the  Sacramento  Basin  (83%  of  all  mountains  and 
foot-hills)  for  the  4-day  period,  March  18th-21st,  was  about  453  000 
cu.  ft.  per  sec.  The  estimated  run-oS  for  this  period  was  76  000  cu. 
ft.  per  sec.  from  the  unmetered  mountains  and  foot-hills,  and  25  500 
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cu.  ft.  per  sec.  from  Sacramento  Valley,  making  a  mean  rate  of  run- 
off from  the  Sacramento  Basin  of  about  555  000  cu.  ft.  per  sec.  for  4 
consecutive  days. 

It  is  not  possible  to  trace  the  movement  of  this  water  through  the 
valley,  on  account  of  overflow  into  flood  basins  and  breaks  in  the  levee 
system.  The  levees  failed  at  many  places  on  both  sides  of  the  Sacra- 
mento River,  and  also  on  some  of  its  tributaries,  and  it  is  impossible 
to  compute  the  flow  through  any  of  these  breaks.  Such  an  estimate, 
if  correctly  made,  would  have  practically  no  value,  as  it  would  give 
little  idea  of  the  distribution  of  flow  through  the  valley  during  any 
other  flood  when  failure  of  levees  occurred  at  other  places. 

While  an  estimate  of  the  volume  passing  specified  places  in  the 
valley  at  a  given  time  cannot  be  made,  the  points  v/here  large  volumes 
left  the  channel  and  returned  to  it  again  or  crossed  it  can  be  indi- 
cated, as  well  as  the  time  of  failure  of  important  levees.  On  the 
evening  of  March  20th  the  water  was  overtopping  the  leyees  for  almost 
the  entire  distance  between  Princeton  and  Jacinto,  and  also  above  and 
below  Colusa.  On  March  21st,  eleven  breaks  in  the  levees  occurred 
between  Colusa  and  Grimes,  and  during  that  night  several  breaks 
occurred  in  the  levees  on  the  east  side  of  Sacramento  River  between 
Clarksburg  and  Courtland,  allowing  water  from  the  Sacramento  to 
pass  into  Mokelumne  River  and  thence  into  the  San  Joaquin.  On 
March  22d  several  other  breaks  occurred  in  Colusa  County,  and  also 
in  the  Island  District,  where  large  areas  of  reclaimed  land  were  sub- 
merged. On  March  23d  the  levees  of  Ryer,  Tyler,  Brannan,  Andrus, 
and  Bouldin  Islands  and  the  Lisbon  District  failed,  flooding  65  000 
acres  of  land.  Besides  the  failures  already  mentioned,  there  were 
numerous  others  of  more  or  less  seriousness  in  different  places  in  the 
Sacramento  Valley. 

At  Knights  Landing,  on  March  21st,  the  Sacramento  was  1  ft. 
higher  than  recorded  at  any  previous  time.  Below  this  point,  a  large 
part  of  the  water  from  the  Feather  River  was  flowing  across  the  Sacra- 
mento Channel  into  Yolo  Basin.  Through  the  Kripp  crevasse  of 
February  8th,  opposite  the  City  of  Sacramento,  a  large  part  of  the 
\\aters  of  the  Sacramento  and  American  Rivers  also  passed  into  Yola 
Basin,  and  the  water  level  of  this  basin  was  several  feet  higher  than 
ever  known  before.  On  February  24th  the  Sacramento  at  Rio  Vista 
reached  its  greatest  height  during  the  flood,  being  3  ft.  higher  than 
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indicated  by  previous  records.  The  failure  of  the  levees  of  Braiinan, 
Twitchell,  and  Aiulnis  Islands,  near  the  mouth  of  Cache  Slough,  per- 
mitted a  part  of  the  water  of  Yolo  Basin  to  flow  across  the  Sacramento 
Channel  into  the  San  Joaquin  River,  submerging  large  areas  in  the 
San  Joaquin  Delta.  In  all,  it  is  estimated  that  about  300  000  acres 
of  reclaimed  land  were  submerged  during  this  flood.  Below  the  City 
of  Sacramento,  the  only  reclaimed  districts  having  levees  that  with- 
stood the  high  waters  are:  Reclamation  District  No.  744;  Merritt 
Island,  Grand  Island,  and  Randall  Island  Reclamation  Districts; 
Geo.  W.  Locke,  private  reclamation;  Reclamation  District  No.  545; 
Sutter  and  Sherman  Islands;  and  the  northern  portion  of  Union 
Island. 

Referring  again  to  Table  21,  it  is  seen  that,  in  all  the  streams  of 
the  San  Joaquin  Basin,  the  greatest  rate  of  flow  occurred  on  March 
19th.  On  this  date  the  mean  rate  of  run-off  from  the  metered  area 
(41%  of*all  mountains  and  foot-hills)  was  about  205  000  cu.  ft.  per 
sec.  The  rate  from  the  unmetered  area  must  have  been  at  least 
84  000  cu.  ft.  per  sec.  from  mountains  and  foot-hills  and  24  000  cu.  ft. 
per  sec.  from  the  valley,  making  a  maximum  rvm-off  of  about  313  000 
cu.  ft.  per  sec.  from  the  San  Joaquin  Basin.  The  mean  rate  for  4 
days,  March  18th-21st,  was  about  227  000  cu.  ft.  per  sec.  It  is  im- 
possible to  indicate  the  volume  of  flow  at  different  points  in  this  valley 
owing  to  the  failure  of  levees  on  both  the  San  Joaquin  and  Sacra- 
mento Rivers,  and  the  passage  of  a  large  volume  from  the  latter  into 
the  former,  producing  back-water  and  retardation  of  flow. 

It  is  also  seen  from  Table  21  that  the  mean  flow  from  the  mountains 
and  foot-hills  of  the  Sacramento  and  San  Joaquin  Basins  combined, 
for  the  4  days,  March  18th-21st,  was  about  732  000  cu.  ft.  per  sec.  It 
is  seen,  too,  that  the  mean  rate  of  discharge  into  Suisun  Bay  for 
these  4  days,  if  storage  in  the  valleys  had  not  been  permitted,  would 
have  been  about  782  000  cu.  ft.  per  sec,  a  volume  for  these  4  days  of 
G  200  000  acre-ft.,  or  9  690  mile-ft.,  enough  to  cover  both  basins  to 
a  depth  of  2.56  in.,  if  spread  over  them  evenly. 

Table  22  shows  the  run-off,  expressed  as  depth,  in  inches,  over  the 
drainage  basin,  together  with  the  precipitation  for  the  March  flood. 
Of  course,  there  is  the  very  regrettable  condition  of  too  few  and  poorly 
placed  precipitation  stations,  but  it  is  believed  that  the  records  here 
given   are   quite  representative   for   the   different   basins.      This   table 
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gives  some  idea  of  the  effects  of  altitude  aud  of  melting  snow  in  the 
various  drainage  areas. 

TABLE  22. — Run-off,  as  Depth,  in  Inches. 


Ron -OFF  PER  Square  Mile,  March,  1907. 

Mean  for  March  18th-21st. 

?  s 

»*: 

Sg 

stream. 

Place  of  gauging. 

a  « 

1 

„ 

.2  m 

ll 

a 

'2 

S"" 

2  a 

H 

fi 

< 

.2^ 

5  — 

g  c 

g 

O 

8.3 
35.5 

ei. 

0,5. 

Pit 

Bieber 

2  950 

608 

9900 
14  400 

9.3 
50.0 

1.23 
5.28 

MeCloud 

Gregory 

Red  Bluff 

Sacramento 

9  300 

14  400 

20.7 

16.3 

2.43 

6.56 

37 

Feather 

Oro-i'ille 

3  640 

10  000 

35.6 

26.7 

3.97 

10.40 

29 

Indian  Cr 

Crescent  Mills. . 

740 

7000 

15.5 

13.2 

1.96 

10.00 

20 

Smartsville 

V^an  Trent 

12:20 
203 

9000 
^500 

82.0 
106.5 

55.7 
75.3 

8.29 
11.30 

10.33 
8.13 

80 

Bear 

139 

American 

Fair  Oaks 

1910 

9  600 

48.7 

39.1 

5.81 

^.63 

67 

Stony  Cr 

Fruto A. 

601 

41. G 

27.1 

4.03 

5.27 

76 

Cache  Cr 

Yolo 

1230 

15.5 

9.3 

1.38 

5.00 

28 

Puta  Cr 

Winters 

Jlichigan  Bar  . . 

805 
524 

7  766' 

39.1 
62.2 

18.6 
25.5 

2.77 
3.80 

5.10 
7.50 

54 

Cosuinnes 

51 

Mokelumue  ... 

Clements 

642 

10  000 

26.5 

20.8 

3.08 

6.42 

48 

Calaveras 

Jennv  Lind 

395 

6000 

66.2 

23.4 

3.48 

5.06 

69 

Stanislaus 

Knights  Ferry.. 

935 

11500 

58.1 

34.5 

5.14 

6.26 

82 

Tuolumne 

LaGrange 

1500 

13  000 

34.5 

22.9 

3.40 

6.65 

51 

Merced  

Merced  Falls  . . . 

1  090 

13  000 

21.1 

15.7 

2.34 

5.92 

40 

San  Joaquin 

PoUasky 

1640 

13  000 

(Est.) 

10.0 

1.49 

5.00 

30 

Eate  of  Flow  in  Sacramento  Valley. 

It  will  be  instructive  to  compute  the  probable  rate  of  flow  of  the 
Sacramento  Eiver  during  this  flood  at  the  four  places  where  it  re- 
ceives large  volumes  of  water  from  tributaries,  namely,  just  below  the 
mouths  of  Stony  Creek,  Feather  and  American  Rivers  and  Cache 
Slough,  taking  into  account  the  time  required  for  the  water  to  pass 
from  the  gauging  stations  to  the  Sacramento  and  the  time  to  pass  be- 
tween the  above-mentioned  places.  No  great  degree  of  refinement 
will  be  attempted,  as  the  data  will  not  warrant  it. 

As  a  flood  wave  travels  down  a  channel  there  is  a  gradual  diminu- 
tion of  its  height,  due  to  the  filling  of  the  channel  and  the  flattening 
of  the  wave.  Such  diminution  would  have  been  small  for  this  flood, 
and  is  neglected  in  the  computations,  for  the  following  reasons : 

(1). — The  flood  wave  was  a  long  one,  the  water  at  some  of  the 
stations  continuing  to  rise  for  4  days; 
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(2).— The  streams  had  readied  a  comparatively  high  stage  on 
March  17th,  and  consequently  their  channels  were  from 
more  than  half  to  two-thirds  full  at  the  date  when  the 
computations  begin; 
(3). — The  rates  of  flow  computed  at  gauging  stations  are  24- 
hour  means,  not  maxima  for  a  few  hours. 
It  can  be  shown  that  the  speed  of  a  flood  wave,  M,  in  a  stream 

channel,  is  given  by  the  equation, -L_^-  =  M  W,  in  which  d  Q  is  the 

increment  of  discharge  corresponding  to  the  increment  of  stage,  d  h, 
and  W  is  the  channel  width.  The  value  of  M  has-been  computed  at 
each  gauging  station  for  intervals  of  1  ft.  in  gauge  height  during  the 
flood  stages,  and  a  mean  value  obtained  for  the  distance,  in  hours, 
from  the  gauging  station  to  places  along  the  Sacramento  Kiver.  These 
results  are  given  in  Table  23 : 

TABLE  23.— Data  on  Rate  of  Pkogress  of  Flood  Wave,  in 
Streams,  if  AV'ater  Were  Confined  in  Channels. 


Place  to  place. 


Gauging  Station,  Sacramento  River  to  mouth  of  Stony  Creek... 

Gauging  Station,  Stony  Creek  to  mouth  of  Stony  Creek 

(iauffing  Station,  Feather  River  to  mouth  of  Feather  River 

Gauging  Station.  Yuba  River  to  mouth  of  Feather  River 

Gaugmg  Station,  Bear  River  to  mouth  of  Feather  River 

Mouth  of  Stony  Creek  to  mouth  of  Feather  River 

Gauging  Station,  American  River  to  mouth  of  American  River.. 

Mouth  of  Feather  River  to  mouth  of  American  River 

Mouth  of  American  River  to  mouth  of  Cache  Slou.gh 

Gauging  Station,  Cache  Creek  to  mouth  of  Cache  Slough 

Gauging  Station,  Puta  Creek  to  mouth  of  Cache  Slough 


^ 

«  ;h 

>   <B 

» 

*<=•  . 

^1 

la 
s 

"So 

40 

9 

35 

6 

60 

7 

50 

8 

15 

D 

100 

7 

15 

5 

20 

7 

40 

7 

45 

4 

45 

4 

Note:  The  rate  of  travel  for  flood  waves,  as  given  above,  is  the  mean  of  the  computed 
rates  on  each  of  the  days,  March  17th-21st,  reduced,  in  most  instances,  by  a  considerable 
percentage. 

A  study  of  the  daily  rate  of  discharge  of  the  streams  in  the  Sacra- 
mento Basin,  for  March  18th-21st,  Table  21,  shows  that  the  discharge 
at  places  along  the  Sacramento  Eiver  was  undoubtedly  at  a  maximum 
when  the  crest  of  the  wave  from  the  Feather  Eiver  reached  them. 
This  wave  crested  at  Oroville  about  1  a.  m.,  March  19th.  As  Oroville 
is  about  9  hours  above  the  mouth  of  Feather  Eiver,  the  crest  would 
reach  the  Sacramento  Eiver  at  aboiit  10  a.  m.,  March  19th,  with  a 
discharge  of  about  258  000  cu.   ft.  per  sec,  including  the  Yitba   and 
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Bear  Kivers.  This  amount,  combined  with  the  flow  in  the  Sacramento 
at  that  time,  would  give  the  maximum  discharge  just  below  the  mouth 
of  the  Feather  River.  The  flow  in  the  Sacramento  at  this  time,  how- 
ever, was  the  flow  at  the  gauging  station  above,  about  19  hours  before, 
combined  with  the  flow  at  the  gauging  station  on  Stony  Creek, 
about  20  hours  before,  or  the  flow  of  the  two  at,  say,  2  p.  M.,  March 
18th.  This  flow  was  143  000  cu.  ft.  per  sec,  which,  added  to  the 
258  000  cu.  ft.  per  sec.  from  the  Feather  River,  would  give  a  discharge 
of  401 000  cu.  ft.  per  sec.  in  the  Sacramento.  -This  volume  would 
reach  the  mouth  of  American  River  3  hours  later,  and  be  augmented 
by  93  000  cu.  ft.  per  sec.  passing  the  gauging  station  3  hours  before, 
so  that  the  maximum  discharge  in  the  Sacramento  below  the  mouth 
of  the  American  River  would  be  about  494  000  cu.  ft.  per  sec,  and 
would  occur  at  about  1  P.  M.,  ]\[arch  19th.  This  volume  would  reach 
the  mouth  of  Cache  Slough  at  about  8  p.  m.,  March  19th,  to  be  in- 
creased by  the  flow  of  the  Cache  and  Puta  Creeks  at  the  gauging 
stations  11  hours  before,  which  amounted  to  about  44  000  cu.  ft.  per 
sec.  Below  the  mouth  of  Cache  Slough,  therefore,  the  discharge  would 
have  been  about  538  000  cu.  ft.  per  sec.  It  is  to  be  noted  that  the 
maximum  flow  in  the  Sacramento  below  the  mouth  of  Stony  Creek 
was  about  205  000  cu.  ft.  per  sec,  and  did  not  occur  until  some  time 
on  March  20th. 

The  figures  just  given  do  not  include  the  unmetered  flow  of  76  000 
cu.  ft.  per  sec  from  the  mountains  and  hills  below  the  metered  basins, 
nor  the  25  500  cu.  ft.  per  sec  from  the  valley.  It  is  evident  that,  un- 
less stored  in  the  flood  basins,  it  must  have  appeared  in  the  Sacramento 
below  Cache  Slough.  It  is  impossible  to  compute  the  increase  in  dis- 
charge at  the  different  places  on  the  Sacramento  River  due  to  these 
two  rates  of  inflow,  because  it  is  not  known  at  what  points  all  these 
waters  were  delivered;  but  it  is  quite  clear  that  there  must  have  been 
a  very  decided  increase  above  the  mouth  of  Stony  Creek  from  each 
side  of  the  river.  On  the  east  side  there  are  1  600  sq.  miles  of  moun- 
tains and  foot-hills  lying  between  the  Feather  and  Upper  Sacramento 
Basins,  which  are  drained  by  numerous  creeks,  the  most  important 
of  which  are  Mill  and  Deer  Creeks,  the  headwaters  of  which  come  from 
Lassen  Peak,  more  than  10  000  ft.  in  altitude.  Several  of  the  stations 
reporting  the  greatest  precipitation  in  March,  1907,  are  in  this  area  or 
very   near    it.      Taking   into    consideration    its   position   between    two 


THE  I'LUUD  OF  AlAUCll,   19U7,  IN    CALIFORNIA  RIVERS  323 

basins  in  which  the  rate  of  run-off  is  known,  together  with  its  heavy 
precipitation  and  generally  lower  altitude,  it  is  believed  that  the  mean 
rate  of  run-off  may  be  safely  placed  at  25  cu.  ft.  per  sec.  per  sq.  mile 
for  the  period,  March  18th-21st.  This  means  40  000  cu.  ft.  per  sec. 
from  this  side.  On  the  west,  above  the  Stony  Creek  Basin,  are  1  080 
sq.  miles  of  mountains  and  foot-hills,  for  which  it  is  safe  to  put  the 
run-off  at  15  cu.  ft.  per  sec.  per  sq.  mile,  or  a  mean  of  16  000  cu.  ft. 
per  sec.  for  March  18th-21st.  This  would  mean  an  increase  in  the 
discharge  below  Stony  Creek  of  about  56  000  cu.  ft.  per  sec. 

A  considerable  area  of  mountains  and  foot-hills  between  the  Feather 
and  Bear  Basins  must  have  contributed  a  large  volume  to  the  Sacra- 
mento through  the  Feather  River,  so  that,  all  told,  the  maximum  dis- 
charge below  the  mouth  of  the  Feather  River  was  probably  at  least 
65  000  cu.  ft.  per  sec.  greater  than  that  computed  above.  As  the  rates 
of  run-off  for  the  unmetered  area  of  mountains  and  valley  are  4-day 
means,  the  maximum  discharge  below  Cache  Slough  must  have  been 
about  640  000  cu.  ft.  per  sec.  This  maximum,  however,  is  only  15% 
greater  than  the  4-day  mean  flow  of  555  000  cu.  ft.  per  sec.  for  March 
18th-21st. 

It  will  be  noticed  that  the  maximum  discharge  just  below  the 
mouth  of  Cache  Slough  would  probably  occur  at  8  P.  M.,  March  19th, 
if  the  water  were  confined  in  channels.  But  the  maximum  stage  at 
Rio  Vista,  a  few  miles  below  the  mouth  of  this  slough,  actually  oc- 
curred at  11  P.  M.,  March  23d.  Overflow  and  storage  in  the  flood 
basins,  therefore,  delayed  the  arrival  of  the  flood  crest  at  Cache  Slough 
about  4  days. 

Table  24  is  a  comparison  of  maximum  rates  of  flow  of  the  Sacra- 
mento River  during  this  flood  with  those  assumed  by  the  1904  Engi- 
neering Commission,  provided  that  the  total  run-off  is  confined  be- 
tween the  levees  and  not  allowed  to  collect  in  the  flood  basins. 

TABLE  24. 


Place. 

Maximum  rate  assumed  by 

1904  Engineering  Commission. 

Cubic  feet  per  second. 

Maximum  rate  computed 
trom  March,  1907,  flood. 
Cubic  feet  per  f^ond. 

Below  mouth,  Stony  Creek 

'•           '•        Feather  River . . 
'•           "       Araericaa  River. 
"          "       Cache  Slough... 

180  000 
190  000 
230  OOT) 
250  000 

261  000 
466  000 
359  000 
640  000 
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These  computed  rates  are  from  45  to  156%  larger  than  the  as- 
siimed  rates. 

Profile  of  Flood  Wave  in  Sacra^iento  River. 

Fig.  2  is  a  profile  of  the  flood  wave  in  Sacramento  River  during 
March,  1907.  This  profile  merely  shows  the  greatest  elevation  of  the 
flood  plane  above  mean  sea  level  at  different  points  along  the  course 
of  the  river.  In  other  words,  the  maximum  height  attained  by  the 
flood  at  various  points  is  platted  with  reference  to  the  distance  from 
the  mouth  of  the  river  and  the  elevation  above  mean  sea  level.  An  in- 
spection of  this  profile  shows  that  the  mean  gradient  of  the  flood  plane, 
in  feet  per  mile,  between  observed  points,  decreases  quite  rapidly  from 
Red  Bluff  toward  the  mouth  of  the  river,  actually  changing  sign  below 
Walnut  Grove.  This  gradient  varies  from  —  2.41  between  Red  Bluff 
and  Munroeville,  near  the  mouth  of  Stony  Creek,  to  +  0.01  below 
Walnut  Grove.  Such  a  reversal  of  slope  would  seem  to  indicate  a 
constricted  condition  of  the  channel  near  the  mouth  of  the  river. 

A  profile  of  the  flood  wave  of  1905,  made  under  the  direction  of  the 
Commissioner  of  Public  Works  of  California,  is  also  shown  on  Fig. 
2  for  the  purpose  of  comparison.  This  profile  may  be  considered  as 
typical  of  the  usual  flood  wave  in  the  spring  of  each  year. 

Losses  Due  to  the  Flood  of  March,  1907. 

The  losses  resulting  from  this  flood  consisted  mainly  in  the  de- 
struction of  the  crops  then  growing  on  about  300  000  acres  of  land 
completely  inundated,  together  with  the  damage  done  to  a  portion  of 
the  prospective  yield  for  the  season  of  1907.  In  addition  to  this,  many 
miles  of  costly  levees  had  to  be  rebuilt  and  many  miles  more  ex- 
tensively repaired  on  account  of  overtopping  and  wind  action.  The 
railroads  suffered  heavily,  in  bridges  and  culverts  washed  out,  in  injury 
to  miles  of  roadbed,  and  in  loss  of  traffic.  The  line  from  Marysville 
to  Knights  Landing  was  closed  from  March  19th  to  May  13th.  Among 
the  larger  bridges  swept  away  or  badly  damaged  were  the  highway  and 
the  Northern  Electric  Railway  bridges  across  the  Feather  River  at 
Oroville,  the  highway  bridge  across  the  American  River  at  Fair  Oaks, 
the  highway  bridge  on  the  Mckelumne  River  near  Clements,  and  the 
bridge  on  the  Cosumnes  River  at  Bridge  House.  Three  costly  dredges 
for  mining  gold-bearing  gravel  in  the  Feather  River  near  Oroville  were 
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destroyed.  Many  towns  and  villages  were  partially  inundated,  subject- 
ing the  inhabitants  to  serious  inconvenience  at  the  time  and  to  heavy 
expense  in  repairs  later.  The  greater  part  of  Stockton  was  flooded  for 
nearly  a  week,  because  of  the  failure  of  the  levees  along  Mormon 
Slough  and  Jackson  Creek.  About  half  of  Oroville  was  flooded  for 
three  days,  and  one  hundred  and  twenty-five  families  were  driven  from 
their  homes.  The  restraining  dam  on  the  Yuba  Eiver,  14  miles  above 
the  mouth,  known  as  Barrier  No.  1,*  was  destroyed  on  the  night  of 
March  18th.  This  dam  was  built  to  hold  back  the  mining  debris  in 
the  channel  above.  With  its  destruction,  practically  all  the  debris 
restrained  by  it  (probably  amounting  to  more  than  1000  000  cu.  yd.), 
was  transferred  to  the  channel  below.  It  is  estimated  that  the  total 
damage  resulting  from  this  flood  exceeded  $5  000  000. 

Effect  of  Mining  Debris  on  Floods. 
From  1849  to  1880  enormous  quantities  of  debris — sand,  gravel, 
and  cobbles,  the  tailings  from  hydraulic  mining — were  deposited  in 
the  upper  course  of  several  of  the  streams  on  the  eastern  slope  of  the 
Sacramento  Basin.  The  volume  of  this  debris  in  the  Yuba  River 
alone  has  been  variously  estimated  at  from  71000  000  to  700  000  000 
cu.  yd.  At  the  mouth  of  the  river,  near  Marysville,  it  has  a  depth  of 
7i  ft.;  at  Dugnens  Point,  11  miles  above  the  mouth,  it  has  a  depth 
of  26  ft.,  and  at  The  Narrows,  18  miles  above  the  mouth,  it  has  a 
depth  of  84  ft.  The  gradual  elevation  of  the  flood  plane  at  Marysville, 
due  to  the  accumulation  of  debris  in  the  channel  at  this  place,  is  shown 
by  the  maximum  gauge  readings  at  Marysville  (Table  26).  The  zero 
of  the  gauge  is  the  elevation  of  low  water  in  1872. 

TABLE  26. — MAxiMrM  Gauge  Readings  at  Marysville. 


Date. 

Gauge  heipht.t 

January 

11,  1862 

11  ft.     6  in. 

March 

6.1869 

15  '•     11    " 

January 

19.  1875 

15  "       2    '■ 

April 

22,1880 

li)  '•        2    " 

February 

»1,  1881 

18  "        2    " 

December 

23,1884 

17  '^        1    " 

January 

18.  1896 

18  '•        5    ^' 

March 

25,  1899 

18  "       5    " 

February 

21.  1901 

19  "       0    '• 

February 

25,1904 

20  "       0    '' 

January 

19.  1906 

21  "       8    " 

February 

2.1907 

21  "       3    " 

March 

19,  1907 

23  "       4    " 

*The  failure  of  this  structure  is  described  in  Engineering  News,  Aug.  8th,  1907. 
t  Data  furnished  by  W.  T.  Ellis,  Levee  Commissioner. 
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The  low-water  reading  on  this  gauge,  in  the  summer  of  1906,  was 
WO  ft.  The  flood  of  1907,  however,  changed  the  low-water  channel 
from  the  right  to  the  left  side  of  the  river,  so  that  in  August  the 
elevation  of  the  water  surface  could  not  be  read  at  all,  the  debris 
around  the  gauge  being  3  ft.  higher  than  the  water. 

The  failure  of  Barrier  Dam  No.  1,  on  the  Yuba  River  14  miles 
above  the  mouth,  liberated  about  1300  000  cu.  yd.  of  debris  which 
was  deposited  in  the  bed  of  the  stream  at  varying  distances  below  the 
dam,  depending  upon  the  size  of  the  material.  The  deposition  of  this 
enormous  volume  of  material  in  the  stream  bed,  and  the  gradual  ele- 
vation of  the  flood  plane  due  to  it,  require  frequent  raising  and  widen- 
ing of  the  levees  along  the  river.  Such  a  condition  is  fraught  with 
growing  peril  to  the  valley  land  and  to  all  interests  adjoining  the  river. 

Effect  of  Storage  Reservoirs  on  Floods. 

Any  rational  system  of  reclamation  for  the  overflow  lands  in  the 
Sacramento  and  San  Joaquin  Valleys  must  make  provision  for  passing 
the  peak  of  the  floods  rapidly  to  Suisun  Bay.  The  volume  of  flood 
water  to  be  passed  in  Sacramento  Valley,  as  determined  by  actual 
gaugings  of  the.  flood  of  March,  1907,  largely  exceeds  all  estimates 
previously  used  as  a  basis  for  the  computation  of  proper  channel 
capacity  to  carry  safely  the  flood  waters  of  the  Sacramento  River. 
Indeed,  it  may  be  that  the  task  of  rectification  and  enlargement  of 
channel  necessary  to  pass  such  floods  as  that  of  March,  1907,  is  so 
great  as  to  make  it  economically  impossible.  In  such  event,  some 
auxiliary  system  of  flood  control  would  have  to  be  devised.  Probably 
no  more  effective  and  easily  executed  auxiliary  system  could  be  found 
than  that  of  large,  regulating  storage  reservoirs  in  the  mountains. 
Such  reservoirs  could  be  utilized  to  store  water  during  floods,  thereby 
reducing  the  peak  of  the  flood  in  the  valley  sufficiently  to  allow  the 
main  channel  to  carry  it  safely  to  Suisun  Bay. 

The  United  States  Reclamation  Service  has  located  the  principal 
reservoir  sites  in  the  Sacramento  Basin,  and  has  made  surveys  to 
determine  the  capacity  and  probable  cost  of  most  of  them.  Pf  the 
reservoirs  surveyed  to  date,  four  are  in  Stony  Creek  Basin,  with  a 
total  capacity  of  124100  acre-ft. ;  two  are  in  Cache  Creek  Basin,  with 
a  total  capacity  of  176  500  acre-ft.;  two  are  in  Puta  Creek  Basin,  with 
a  total  capacity  of  318  000  acre-ft.;  seven  are  in  Feather  River  Basin, 
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with  a  total  capacity  of  775  600  acre-f t. ;  four  are  in  Pit  Eiver  Basin, 
one  of  which  has  a  capacity  of  3  196  000  acre-f  t. ;  and  one  is  on  the 
Upper  Sacramento  River  at  Iron  Canyon,  with  a  capacity  of  226  900 
acre-ft.  In  the  San  Joaquin  Basin  no  reservoir  sites  have  been  located 
and  surveyed  yet,  although  it  is  probable  that  the  area  contains  some 
good  ones. 

Table  27. — Keservoir  Data. 


Capacity, 

in 
acre-feet. 

Drain- 
age, in 
square 
miles. 

Volume  Available  for  Storage, 
IN  Acre-Feet.* 

Name  of  Reservoir. 

i 

1 

to 

1 

00 

1 

X 

Stony  Creek  Basin. 
East  Park 

26  000 
40  000 
14  400 
43  700 

114 

no 

58 
323 

9  390 
9  060 
4  770 
26  600 

7  520 
7  250 
3  820 
21300 

5  060 
4  880 
2  570 
14  300 

2  560 
2  470 
1300 
7  250 

24  530 

Stony  Ford 

Briscoe 

Mill  Site 

23  660 
12  460 
69  450 

Cache  Creek  Basin. 

Clear  Lake 

Little  Indian 

Below   reservoirs   and   above 
gauging  station 

100  000 
76  500 

486 
123 

631 

10600 
2  680 

13  500 

14  900 
3  770 

24  600 

9  790 

2  480 

12  500 

6120 
1550 

7  820 

1990 

8  110 

546 

41410 
10  480 

52  820 

Puta  Creek  Basin. 
Guenoc  

188  000 
130  000 

148 
603 

54 

7  210 
29  400 

1980 

8  990 
36  600 

2  460 

3  460 

14  800 

998 

2  040 
31700 
23  500 

1350 

8000 
47  000 

55  800 

21  830 

Puta  Creek 

88  910 

Below    reservoirs  and  above 
gauging  station 

5  984 

Feather  Rn^ER  Basin. 
Grizzly  Valley 

61800 

12  600 

500  000 

46  270 
86100 
68  800 

44 
682 
506 

29 

172 
1010 

1200 

2580 
40  000 
29  700 

1700 
10109 
59  300 

70  400 

3100 
48100 
35  600 

2040 
12100 
71200 

84  500 

1  600 
24  800 
18  400 

1  050 
6  260 
36  700 

43  600 

9  320 

Mobawk  Valley 

144  600 

Big  Meadow 

107  200 

Bucks    Valley    and    Spanish 

Ranch 

American  Valley 

6140 
36  460 

Indian  Valley 

214  200 

Below  reservoirs   and    above 
gauging  station 

2.54  300 

Pit  River  BAsrN. 
Big  Valley 

3196  000 

2  950 

49  600 

54  500 

49  600 

41200 

194  900 

Sacramento  River. 
Iron  Canyon 

226  900 

6  350 

184  400 

270  500 

331400 

220  800 

1007100 

*  Tiie  daily  run-oflf  per  square  mile  is  assumed  to  be  constant  over  the  basin  above  the 
gauging  station. 

In  Table  27  are  shown  the  reservoir  sites  in  the  Sacramento  Basin 
which  could  be  used  for  flood  control,  together  with  the  drainage  area 
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tributary  to  each  and  its  capacity  in  acre-feet.  Assiiming  the  run-off 
per  square  mile  to  be  constant  in  any  particular  basin,  the  quantity  of 
water  available  for  storage  at  each  reservoir  is  given  for  each  of  the 
days,  March  lSth-21st,  and  also  the  total  for  the  4  days.  It  will  be 
noted  that  some  of  these  reservoirs  would  be  only  partially  filled  by 
the  flood  flow  of  March  18th-21st,  while  others  would  store  but  a  small 
percentage  of  the  run-off  for  this  period. 

A  study  of  Table  27  will  show  that  the  four  reservoirs  in  Stony 
Creek  Basin  would  have  stored  the  run-off  from  481  sq.  miles,  or  80% 
of  the  area  above  the  gauging  station,  and  would  have  reduced  the 
maximum  daily  flow  from  25  000  to  5  000  cu.  ft.  per  sec.  The  two 
reservoirs  in  Cache  Creek  Basin  would  have  stored  the  flow  from  609 
sq.  miles,  or  50%  of  the  area  above  the  gauging  station,  and  would 
have  reduced  the  maximum  daily  flow  from  19  000  to  9  500  cu.  ft.  per 
sec.  The  two  reservoirs  in  Puta  Creek  Basin  would  have  stored  the 
flow  from  751  sq.  miles,  or  93%  of  the  area  above  the  gauging  station, 
and  would  have  reduced  the  maximum  daily  flow  from  24  700  to  1  700 
cu.  ft.  per  sec. 

The  'seven  reservoirs  in  Feather  River  Basin  would  have  stored  the 
flow  from  about  1 134  sq.  miles,  or  31%  of  the  area  above  the  gauging 
station  at  Oroville,  leaving  2  506  sq.  miles  uncontrolled.  Of  this  un- 
controlled area,  623  sq.  miles  are  above  Mohawk  Valley  Reservoir, 
683  sq.  miles  are  above  Indian  Valley  Reservoir,  and  1  200  sq.  miles 
are  below  the  reservoirs  and  above  the  gauging  station.  This  storage 
would  have  reduced  the  daily  flow  at  Oroville  as  follows  : 

From  107  900  to  74  300  cu.  ft.  per  sec.  on  March  18th;  from  129  600 
to  89  200  cu.  ft.  per  sec.  on  March  19th;  from  84  900  to  58  500  cu.  ft. 
per  sec.  on  March  20th;  and  from  66  740  to  45  900  cu.  ft.  per  sec.  on 
March  21st.  Big  Valley  Reservoir,  on  Pit  River,  would  have  stored  the 
entire  flow  at  that  place  and  reduced  the  daily  flow  of  the  Sacramento 
River  at  Red  Bluff  about  25  000  cu.  ft.  per  sec.  The  storage  at  Iron 
Canyon,  together  with  that  on  Pit  River,  would  have  reduced  the 
greatest  daily  flow  of  the  Sacramento  River  at  Red  Bluff  from  192  000 
to  106  000  cu.  ft.  per  sec. 

The  combined  effect  of  all  these  reservoirs  in  operation  at  the  same 
time  would  have  been  to  reduce  the  maximum  flow  in  the  Sacramento 
River  by  about  86  000  cu.  ft.  per  sec.  above  the  mouth  of  Stony  Creek, 
106  000  cu.  ft.  per  sec.  above  the  mouth  of  the  Feather  River,  and 
179  000  cu.  ft.  per  sec.  below  the  mouth  of  Cache  Slough. 
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It  would  seem  that  the  ultimate  solution  of  the  flood  problem  in 
the  lower  portions  of  the  Sacramento  Valley  is  closely  interwoven 
with  the  reclamation  of  the  higher  portions  by  irrigation.  Keservoirs 
which  would  impound  flood  waters  and  reduce  the  peak  of  floods,  so 
ap  to  save  the  lowlands  from  overflow  in  the  early  spring,  would  serve 
later  as  storage  reservoirs  from  which  to  draw  for  irrigation  purposes. 
The  flood  problem  in  this  valley  is  indeed  a  very  serious  one,  and 
merits  the  most  careful  and  thoughtful  consideration. 
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DISCUSSION. 


C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.  (by  letter).— The  United  States  Mr.  Grunsky. 
Geological  Survey,  through  its  Water  Resources  Branch,  has  again 
taken  up  an  important  subject  in  a  practical  way.  The  engineer  who 
is  called  upon  to  improve  the  navigability  of  a  river,  or  to  improve  it 
as  a  drainway,  or  otherwise  to  rectify  it,  rarely  has  opportunity  to 
collect  the  data  relating  to  stream  flow  that  are  necessary  for  the 
solution  of  his  problems.  Neither  time  nor  opportunity  may  be  at 
his  disposal  to  observe  the  river  at  a  critical  stage.  He  must  turn  to 
records  showing  extreme  conditions,  of  which  knowledge  is  an  es- 
sential requisite,  if  his  conclusions  are  to  be  of  value.  It  has  been  the 
general  experience  throughovTt  the  United  States  that  the  individual 
States  cannot  be  relied  upon  to  observe  continuously  rainfall,  stream 
flow,  and  run-off  conditions.  This  work,  therefore,  falls  naturally  to 
the  Federal  Government. 

The  Weather  Bureau  and  the  Army  Engineers,  thus  far,  have 
failed  to  appreciate  the  importance  of  the  study  of  the  water  resources 
of  the  country,  and  it  has  thus  been  left  to  the  United  States  Geologi- 
cal Survey,  through  its  Hydrographic  (now  Water  Resources)  Branch 
to  collect  the  much-needed  information.  In  line  with  these  remarks, 
the  writer,  in  1894,  in  referring  to  California  conditions,  said  :* 

''The  great  value  of  liydrometric  data  on  rivers  of  the  importance 
of  the  Sacramento  and  San  Joaquin  does  not  yet  seem  to  be  appre- 
ciated by  the  U.  S.  Army  Engineers  in  charge  of  river  improvements. 
Their  attention  has  been  directed  solely  to  a  maintenance  of  depth  of 
water  at  the  low  stages,  and  the  collection  of  data  by  them  has  not 
been  extended  beyond  a  study  of  the  conditions  at  low-water  stages; 
no  high-water  gaugings  have  been  made,  no  river-rod  records  are  being 
kept,  yet  one  assistant  could  furnish,  on  the  basis  of  frequent  approxi- 
mate gaugings  of  Sacramento  River  near  Red  Bluff,  of  Feather  River 
near  Oroville,  and  of  American  River  near  Folsom,  with  occasional 
measurements  of  the  flow  of  smaller  tributaries,  a  reliable  exhibit  of 
the  volume  of  water  entering  Sacramento  Valley. 

"It  may  be  claimed  that  the  U.  S.  Engineer  Corps  is  not  interested 
in  volumetric  records  at  the  high  stages  of  the  rivers;  that  their 
recommendations  cannot  extend  bej'ond  the  conservation  of  the  naviga- 
bility of  the  low-water  channels,  and  that  all  data  pertaining  to  the 
river  in  flood  should  be  collected  by  the  authorities  directly  interested 
in  land  protection  and  reclamation,  by  the  State,  and  by  the  land 
owners.  But  it  must  be  evident  that  works  to  improve  drainage  should 
not  be  detrimental  to  commercial  interests  and  vice  versa.  Questions 
of  expediency  in  the  matter  of  changes  of  alignment,  cutting  off  bends, 
division  and  control  of  surplus  waters,  etc.,  which  arise  in  connection 
with  drainage  problems,  must  be  discussed  in  their  bearings  upon  the 
navigability  of  the  rivers,  and,  without  data  relating  to  the  river  in 

•"•Keport  of  the  Commissioner  of  Public  Works  to  the  Governor  of  California.'"  1895,  p.  138. 
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Mr.  Grunskj'.  all  its  Stages,  the  U.  S.  Engineer  Corps  will  be  but  poorly  equipped 
to  combat  or  acquiesce  in  the  recommendations  of  engineers  studying 
drainage  problems." 

The  authors  of  the  paper,  too,  are  to  be  thanked  for  the  contribu- 
tion of  this  material  to  the  Society,  where  its  value  will  be  enhanced 
by  discussion. 

The  writer,  while  Assistant  State  Engineer  of  California,  in  charge 
of  office  computations,  in  the  years  following  1878,  under  William 
Ham.  Hall,  M.  Am.  Soc.  C.  E.,  who  was  then  State  Engineer,  was  en- 
trusted with  an  analysis  of  flood  conditions  similar  to  that  presented 
in  this  paper.  At  that  time,  however,  the  representatives  of  the  "Water 
Eesources  Branch  of  the  TJ.  S.  Geological  Survey  were  not  in  the  field, 
and  comparatively  little  was  known  of  the  water  delivery  of  the  in- 
dividual streams  into  the  Sacramento  and  San  Joaquin  Valleys.  How- 
ever, gaugings  had  been  made  and  rating  tables  had  been  constructed 
for  various  points  on  Sacramento  Kiver.  Some  gaugings  of  tribu- 
taries had  also  been  made,  and  it  was  possible,  from  the  knowledge 
(though  imperfect)  of  rain  distribution  and  of  run-off  from  certain 
areas,  to  approximate  other  run-off  values  and  through  these  the 
stream  flow  for  selected  time  periods.  The  attempt  to  combine  these 
properly,  with  due  allowance  for  the  time  at  which  each  stream  was  at 
its  maximum  stage,  the  duration  of  the  storm  producing  the  high 
stage,  the  length  of  time  that  would  elapse  before  the  tributary  pro- 
duced a  maximum  effect  upon  the  main  stream,  and  the  modifying 
effect  of  channel  storage,  led  to  a  special  study  of  flood-wave  movement 
by  the  writer,  and  incidentally  to  the  use  (probably  for  the  first  time) 
of  the  mass-curve  (though  not  under  this  name)  which  is  now  so  gen- 
erally made  an  aid  in  studying  the  influence  of  storage  upon  water 
yield. 

The  following  discussion  of  the  flood-wave  problem,  as  then  worked 
out,  was  published  in  1895  :* 

"When  a  supply  of  water  is  received  by  a  river  from  a  tributary, 
in  excess  of  the  ordinary  flow  of  the  tributary,  and  the  capacity  of  the 
river  is  sufficiently  great  to  accommodate  this  addition  to  its  volume 
of  flow,  then  the  river  in  the  imm^ediate  vicinity  of  the  tributary  will 
rise,  and  the  water  thus  elevated  in  a  portion  of  the  river  channel  will 
at  once  seek  its  level.  The  flow  of  the  river  and  elevations  of  water 
surface  will  in  sucessive  time-periods  be  increased  at  all  points  below 
the  source  of  supply;  a  flood-wave  will  travel  down  the  river. 

"The  wave  represents  a  rise  of  water  above  a  normal  condition, 
and  if  discharged  into  a  long,  narrow  body  of  still  water  it  would 
seek  its  level.  The  wave  when  launched  upon  a  flowing  stream  has  the 
same  tendency  of  elongation,  and  the  front  of  the  wave  therefore 
moves  down  stream  at  a  speed  greater  than  that  of  the  current  in  the 
river  before  the  flood-wave  was  created. 


♦"Report  of  the  Commissioner  of  Public  Works.  California,"  1895,  p.  130. 
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"The  form  of  the  flood-wave  is  dctorniined  by  time  and  elevation  Mi.  Oninsky. 
of  water  surface  at  any  point. 

"The  discharge  curve  at  any  point  corresponding  to  the  time- 
period  during  wliich  a  flood-wave  passes,  is  somewhat  similar  in  form 
to  the  flood-wave  as  determined  by  elevation  of  the  water  surface,  but 
the  maximum  discharge  occurs  before  the  crest  of  the  wave  reaches 
that  point,  except  in  cases  when  the  maximum  flow  is  long  sustained. 

"The  velocitj'  with  which  a  flood-wave  travels  down  stream  is  de- 
pendent : 

"Upon  the  total  amount  of  water  which  is  supplied  to  produce  the 
wave; 

"Upon  the  rate  of  supply; 

"Upon  the  character  and  dimensions  of  the  waterway  through 
which  the  wave  travels; 

"Upon  the  amount  and  velocity  of  the  water  already  in  the  river. 

"The  flood-wave  velocity  varies  therefore  for  each  flood,  for  every 
river,  and  for  the  several  portions  of  each  river. 

"The  velocity  of  movement  is  not  the  same  for  the  different  por- 
tions of  a  flood-wave.  In  other  words,  the  form  of  a  flood-wave 
changes;  it  is  elongated  as  it  moves  from  point  to  point.  It  will  ex- 
tend its  front  more  rapidly  than  its  crest  moves,  while  its  extreme 
upper  limit  (which  is  marked  by  the  falling  of  the  water  surface 
to  the  elevation  which  it  would  have  held  had  there  been  no  flood- 
wave)  will  not  be  much  at  variance  with  the  velocity  of  the  river 
current  for  that  particular  stage. 

"Above  the  crest  of  the  wave  there  must  be  a  portion  of  the  river 
channel  partly  filled  with  flood-wave  water.  The  length  of  the 
up-stream  portion  of  the  wave  is  continually  increasing  in  consequence 
of  the  more  rapid  advancement  of  the  wave's  crest  than  of  its  upper 
terminal  point. 

"The  total  volume  of  water  represented  by  a  flood-wave  remains  the 
same  at  every  point  passed,  but  the  time  consumed  in  passing  will  be 
greater  for  points  near  the  mouth  of  the  river  than  for  points  farther 
up  stream,  and  the  maximum  discharge  due  to  the  wave  must  for  this 
reason  decrease  as  the  mouth  of  a  river  is  approached. 

"If  the  dimensions  of  a  river  channel  and  its  flow  at  some  point, 
A,  where  all  its  waters  are  confined,  are  known,  it  may  be  required 
to  determine  what  the  greatest  discharge  at  some  point,  B,  farther 
down  stream  would  be  due  to  a  flood-wave  passing  the  point  A,  if  no 
water  were  allowed  to  escape  from  the  river  channel  between  A  and  B. 

"The  discharge  per  unit  of  time  at  B  must  vary  from  that  at  A, 
because  the  time  required  by  a  flood-wave  to  pass  B  is  greater  than 
that  required  by  the  same  wave  to  pass  A.  It  follows  directly  that 
the  mean  discharge  at  B  for  the  flood-wave  period  is  less  than  at  A, 
and  supposing  the  forms  of  the  wave  at  A  and  B  to  resemble  each 
other,  as  will  always  be  the  case  when  A  and  B  are  not  too  far  apart, 
the  maximum  discharge  at  B  must  also  be  less  than  the  maximum 
discharge  at  A. 

"Let  q  =  amount  of  water  in  river  channel  between  A  and  B,  be- 
fore the  front  of  the  flood-wave  has  reached  A. 

"Q' ,  Q" ,  Q"',  etc.,  =  amount  of  water  in  river  channel  between 
A  and  B  at  the  end  of  the  time-periods  if,  if ,  t'" ,  etc. 
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Mr.  Grimsky.        " D' ,  D" ,  D'" ,  etc.,  =  total  amount  of  water  which  has  passed  A 
at  the  end  of  the  time-periods  t' ,  t" ,  if" ,  etc. 

"d',  d",  d'" ,  etc.,  ^  discharge  at  A  in  the  time-periods  if ,  t" ,  if" ,  etc. 
"F' ,  F" ,  F"' ,  etc.,  =  the  total  amount  of  water  which  has  passed  B 
at  the  end  of  the  time-periods  t' ,  if' ,  if" ,  etc. 

"f,  f,  f",  etc.,  =  discharge  at  B  in  the  time-periods  if,  t",  if",  etc. 
"Then : 

d'  =  D"  —  D\ 
d"  =  D"'  —  D". 
etc. 

f  =  F" F'. 

f"  =  F"' p'\ 

etc. 

D'  =  F'+iQ'-q). 
D"  =  F"+{Q"  —  q). 
etc. 

"The  river  will  continue  to  rise  at  A  until  the  crest  of  the  wave 
passes  A,  and  it  then  commences  to  fall,  but  ordinarily  less  rapidly 
than  it  rose.  Consequently  the  value  of  Q  increases  until  the  crest  of 
the  wave  is  at  some  point  between  A  and  B. 

"If  the  character  of  the  river  at  B  is  similar  to  that  at  A,  the  rate 
of  rise  at  B  may  be  assumed  gi'eater  than  the  rate  of  falling  at  A; 
and  if  the  flood-wave  is  of  sufficient  extent  to  have  its  upper  end  above 
A  when  its  crest  is  at  B,  the  Q  will  attain  its  greatest  value  when  the 
crest  of  the  flood-wave  is  near  B. 

"Approximately,  then,  it  may  be  assumed  that  the  time  at  which  Q 
is  a  maximum  is  the  time  at  which  the  crest  of  the  wave  reaches  B. 

"The  greatest  discharge  at  B  occurs  just  before  the  time  the  crest 
of  the  wave  passes  B,  or  very  nearly  at  the  same  time  when  C?  is  a 
maximum.  (This  is  only  then  the  case  when  A  and  B  are  not  too  far 
apart,  and  the  flood-wave  is  still  passing  A  when  its  crest  reaches  B.) 

"If  the  conditions  are  not  as  favorable  as  here  supposed,  then  the 
time  at  which  Q  is  a  maximum,  and  the  time  at  which  the  discharge 
at  5  is  a  maximum,  must  be  separately  approximated. 

"In  either  case  the  discharge  at  B  can  be  approximated  with  a 
considerable  degree  of  accuracy  by  the  following  method."     (See  Fig. 

"On  a  horizontal  line  time  is  scaled  off.  At  the  ends  of  the  several 
time  periods,  if,  t",  i"' ,  etc.,  the  values  of  D,  total  discharge  past  A, 
are  plotted  as  ordinates,  and  establish  a  curve  of  total  discharge  at  A. 

"By  subtracting  from  each  of  the  ordinates  of  the  'B  curve'  the 
value  {Qni  —  9)5  where  Qm  represents  the  approximate  value  of  the 
maximum  channel  storage  due  to  the  flood-wave  between  A  and  B, 
a  parallel  curve  will  result,  the-  ordinates  of  which  are  B  —  Q^  +  g. 

"If  the  river  before  the  flood-wave  commenced  to  advance  was  in 
a  normal  condition,  and  the  effect  of  tributaries  between  A  and  B  be 
disregarded,  then:  the  total  flow  (F)  at  B  was  the  same  as  that  (J)) 
at  A  until  the  front  of  the  flood-wave  reached  A,  and  if  the  successive 
values  F' ,  F" ,  etc.,  be  platted  as  ordinates  to  establish  a  curve  of  total 
discharge  at  B,  the  curve  thus  determined  will  coincide  with  the  'D 
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curve'  up  to  the  time  the  discharge  commenced  to  increase  at  A.    The  Mr.  orunsky. 
discharge  curve  for  B  can  moreover  be  projected  beyond  that  point  for 
ill  tout  the  time  required  for  the  front  of  the  wave  to  advance  from 
A  to  B. 

"When  Q  is  at  its  maximum,  then  F  =^  D  —  Qm  +  Q-  In  other 
words,  the  curve  of  total  discharge  at  B,  the  'F  curve,'  and  the  curve 
whose  ordinatcs  are  (D  —  Q„,  -\-  q),  have  one  point  in  common. 

"When  finally  the  upper  end  of  the  wave  has  passed  B,  the  two 
curves  of  total  discharge  at  A  and  at  B  will  again  be  coincident. 

"The  curve  of  total  discharge  at  B  thus  has  two  points  definitely 
fixed,  its  direction  at  these  points  is  also  known,  and  it  must  be  tangent 
to  another  curve  at  some  point  between  the  former. 

"Its  form  can  therefore  be  approximated.  The  point  which  the  '/'' 
curve'  has  in  common  with  the  curve  of  the  (D  —  Q„j  -\-  q)  can  more- 
over be  approximated  by  approximately  determining  the  time  at  which 
Q  is  a  maximum.  *  *  *  Xhe  approximation  of  the  'F  curve'  is 
gi'eatly  assisted  by  approximating  water  elevations  for  points  inter- 
mediate between  A  and  B^  and  therefrom  calculating  Q  for  as  many 
points  on  the  time  scale  as  required. 


» 

1. 

■ 

9- 

1^ 

RIVER  FLOOD  WAVES 

1 

^^t^ 

'Z^ 

S^^^^ 

J^ 

on 

i5> 

.^ 

CuiTeof(^«i9l 

.1 

9 

% 

// 

^^ 

r  1 

-'- 

" 

1 

1 

.-■s 

f 

'> 

/' 

c 

f 

1 

1 

/> 

V 

rii 
i 

a 

Time               /                        V 

Y 

1 

f„      f'      r'     i"' 


Fig.  3. 


"Should  the  amount  of  water  (Q)  stored  between  A  and  B  re- 
main the  same  for  some  time  after  Q  attains  its  greatest  value,  then 
the  'F  curve'  will  for  that  time  remain  parallel  to  the  'D  curve.'  The 
greatest  discharge  at  B  will  then  be  the  same  as  the  discharge  at  A 
at  the  time  when  Q  becomes  a  maximum. 

"As  soon  as  the  amount  of  water  stored  between  A  and  B  begins 
to  decrease,  the  ''F  curve'  will  begin  to  approach  the  'D  curve,'  and 
the  discharge  at  A  will  be  less  than  at  B. 

"The  discharge  at  A  for  a  unit  of  time  is  the  tangent  of  the  'I) 
curve.' 

"The  discharge  at  B  for  a  time  unit  is  the  tangent  of  the  'F  curve.' 

"From  the  foregoing  it  will  appear  without  further  demonstration 
that  the  greater  the  reservoir  space  which  is  provided  in  the  river 
channel  above  any  point,  the  less  will  be  the  maximum  flow  of  the 
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Mr.  Grunsky.  river  past  that  point,  if  the  maximum  supply  from  above  does  not 
continue  beyond  the  time  required  to  completely  fill  the  reservoir 
space,  and  even  then  increased  reservoir  space  above  any  point  reduces 
the  frequency  of  a  maximum  flow.  It  will  always,  therefore,  be  found 
advantageous  when  attempting  to  control  floods  by  the  construction 
of  embankments  along  rivers,  to  place  these  far  apart  in  the  upper 
portions  of  the  rivers,  and  to  provide  overflow  or  flood-basins,  if  the 
latter  can  be  so  arranged  that  they  will  not  receive  water  at  unneces- 
sarily low  stages,  and  are  so  located  that  a  quick  redelivery  of  their 
water  into  the  river  channel  is  possible." 

The  high-water  stage  of  Sacramento  River  during  a  flood  stage 
which  occurred  in  March,  1879,  based  on  data  collected  by  Mr.  Hall  as 
State  Engineer,  may  be  analyzed  as  follows : 

For  the  time  period,  March  4th  to  20th,  1879,  inclusive,  the  follow- 
ing mean  values  were  determined: 

Cubic  feet  per  second. 
Sacramento  River  discharge.  Iron   Canon  near  Red 

Bluff  (gauging  station) 37  100 

From  tributaries,  Iron  Canon  to  Colusa 11  060 

— 48  150 

Channel  storage.  Iron  Caiion  to  Colusa,  elevation  on 

March  4th  to  elevation  on  March  20th 990 

Sacramento    River    discharge    at    Colusa     (gauging 
station)    45  780 

46  770 

Consequently,    over-bank    flow    through    breaks    and 

crevasses  above  Colusa  = 1  380 

The  over-bank  flow  above  Colusa  was,  for  the  most  part,  on  the  east 
side,  south  of  Chico  Creek.  This  water  passing  through  Butte  Basin 
reached  Sutter  Basin. 

Cubic  feet  per  second. 
Sacramento    River    discharge    at    Colusa     (gauging 

records)     45  780 

Sacramento    River    discharge    at    Knights    Landing 

(gauging    station) 19  000 

Channel  storage,  Colusa  and  Knights  Landing 200 

19  200 

Consequently,    over-bank    flow    between    Colusa    and 

Knights  Landing  =  about 26  600 

Of  this  over-bank  discharge,  only  about  80  cu.  ft.  per  sec.  went  to 
the  west,  all  the  remainder  went  over  the  east  bank  into  Sutter  Basin. 
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These  figures  checked  well  with  the  aggregate  of  estimates  for  each  Mr.  Grunsky. 
crevasse. 

Cubic  feet  per  second 
Sacramento    River    at    Knights    Landing    (gauging 

station)    19  000 

Feather  River  discharge  into  Sacramento  River  and 

into  lower  end  of  Sutter  Basin 30  300 

49  300 

Discharge  over-bank  through  crevasses  in  the  right 

bank  of  Sacramento  River  between  I^ights  Land- 
ing and  Gray  and  Shaw's 11  150 

Sacramento  River  at  Gray  and  Shaw's  (gauging  sta- 
tion) below  Feather  River 54  000 

Channel  storage,  between  Knights  Landing  and  Gray 

and    Shaw's 120 

65  270 

Consequently,  flow  from  Sutter  Basin  into  Sacra- 
mento River  =  about 16  000 

The  water  in  Sutter  Basin  was  about  5.75  ft.  higher  on  March  20th 
than  on  March  4th.  Its  volume  had  increased  by  an  amount  equal  to 
a  mean  flow  of  20  400  cu.  ft.  per  sec.  The  total  quantity  of  water 
which  this  basin  received  in  the  17  days,  therefore,  is  (storage  plus 
outflow)  20  400  +  16  000  =  36  400  cu.  ft.  per  sec. 

The  flow  of  water  from  Butte  Basin  into  Sutter  Basin  was  esti- 
mated as  follows : 

Cubic  feet  per  second. 
Discharge    of    Butte,    Table    Mountain    and    other 
creeks    into    Butte    Basin,    and    from    that    into 

Sutter  Basin 810 

Over-bank  flow  from  Sacramento   River   into   Butte 

Basin,  thence  into  Sutter  Basin 1  370 

Total 2  180 

Sacramento  River  at  Gray  and  Shaw's 54  000 

American  River  discharge  into  Sacramento  River.  . .      13  000 

67  000 

Sacramento     River     at    Freeport,     15     miles     below 

American  River  (gauging  station) 55  700 

Channel    storage    between    Gray    and    Shaw's    and 

Freeport    270 

55  970 


338  DISCUSSION   Oy.    CAI-lFUltNIA   FLOOD 

Mr.  Grunsky.  Excess     of     OUtllow     from     river,     over     inflow     from  Cubic  feet  per  second. 

American    Basin    •  •  H  *^30 

The  over-bank  flow  into  Yolo  Basin  at  points  be- 
tween Gray  and  Shaw's  and  Freeport  was  esti- 
mated   at 1<J  500 

Consequently,  American  Basin,  lying  just  above 
American  River,  received  more  water  from  the 
river  than  was  delivered  from  the  basin  into  the 
river,  by  about 530 

Relating  to  American  Basin,  it  was  estimated: 

Cubic  feet  per  second. 
American   Basin    received   from   Bear    River    across 

banks  and  from  Feather  River  across  banks 4  080 

American  Basin  received  from  creeks  south  of  Bear 

River 1060 

American   Basin    received    from    Sacramento    River, 

over-bank,  net 530 

5  670 

The  water   in  American  Basin  on  March  20th  was 

6   ft.   higher  than  on  March   4th.   This   increased 

storage  is  equivalent  to 5  690 

The  discharge  of  Feather  River  for  the  17  days  is  based  on  the 
following : 

Cubic  feet  per  second. 

Feather  River  discharge  at  Burt's  Ferry 21  660 

ISTorth  and  South  Honcut  Creeks 640 

Yuba   River   discharge 10  330 

Bear  River  discharge 2  210 

—      34  850 

Over-bank  flow  from  Feather  and  Bear  Rivers  into 

American    Basin 4  080 

Channel  storage.  Feather  River  below  Burt's  Ferry.  470 

4  550 


Feather  River  discharge  into  Sacramento  River....  30  300 

Had  all  the  water  been  confined  to  the  river  channels  above  Gray 
and  Shaw's  (located  a  few  miles  below  the  mouth  of  Feather  River) 
then  the  aggregate  discharge  of  Sacramento  River  at  that  point  would 
have  been  increased  by  the  total  over-bank  flow  above  that  point,  and 
would  have  been  decreased  by  the  total  flow  into  the  river  from  Sutter 
Basin.  In  other  words,  the  total  increase  would  have  been  equal  to 
the  storage  increase  in  Sutter  Basin,  20  400  cu.  ft.  per  sec,  plus  the 
flow  over-bank  from  Feather  and  Bear  Rivers  into  American  Basin, 
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4  080  cu.  ft.  per  sec,  plus  the  flow  over-bank  from  Sacramento  River  Mitirunsky. 
into  Yolo  Basin  at  points  between  Knight's  Landing  and  Gray  and 
Shaw's,  11  150  cu.  ft.  per  sec,  or,  in  the  aggregate,  35  600  cu.  ft.  per 
sec. 

The  measured  flow  at  Gray  and  Shaw's  for  the  17  days  was  54  000 
cu.  ft.  per  sec.  If  all  the  water  had  been  confined  to  the  river  channel, 
the  total  discharge  there  would  have  been  54  000  +  35  600  =  89  600 
cu.  ft.  per  sec,  reduced  by  some  small  indeterminate  amount,  repre- 
sented by  channel  storage,  that  would  have  resulted  from  the  neces' 
sarily  higher  water  stages. 

The  increased  average  flow  of  the  river  below  the  raouth  of  Ameri- 
can River  (Freeport  gauging  station)  would  have  been  the  increase 
at  Gray  and  Shaw's,  35  600  cu.  ft.  per  sec,  plus  the  contribution  of 
American  Basin  creeks,  1  060  cu.  ft.  per  sec,  plus  the  outflow  through 
crevasses  in  the  river  bank  into  Yolo  and  American  Basins  at  points 
between  Gray  and  Shaw's  and  Freeport,  11  030  cu.  ft.  per  sec,  or,  in 
the  aggregate,  about  47  700  cu.  ft.  per  sec  This  increase,  however,  is 
again  subject  to  some  reduction  on  account  of  storage  of  water  in  the 
river  channels  resulting  from  the  higher  waters  that,  no  doubt,  would 
have  resulted  in  a  regulated  river  carrying  the  entire  flood  flow. 

These  amounts  of  increase  in  volume  of  flow  are  mean  values  for 
the  entire  period  of  17  days.     They  do  not  represent  the  maximum  ♦ 

momentary  increase.  It  is  safe,  therefore,  to  say  that  the  maximum 
would  have  been  increased  by  at  lea*?t  these  amounts  and  probably  by 
considerably  more.  The  mean  value,  for  the  purposes  of  an  approxi- 
mation, may  be  considered  as  about  two-thirds  of  the  maximum.  On 
this  assumption,  the  greatest  discharge  at  Sacramento  City  (Freeport 
gauging  station)  would  have  been  increased  on  March  13th  from 
71000  to  about  143  000  cu.  ft.  per  sec. 

Although,  as  already  stated,  the  flow  estimate  of  such  streams  as 
Yuba,  Bear  and  American  Rivers,  Stony  Creek  and  other  streams  was 
not  based  on  gaugings  during  the  flood  conditions  of  March,  1879, 
their  aggregate  output  could  still  be  ascertained  with  a  fair  degree  of 
approximation  because  nearly  all  their  waters  dropped  into  overflow- 
basins  of  known  extent  and  of  known  water  surface  elevation.  This 
fact,  as  shown  in  the  foregoing  analysis,  proved  a  valuable  aid  in  the 
discussion  of  what  the  river  discharge  would  have  been  if  all  water  had 
been  confined  to  an  adequate  channel. 

A  flood  discharge  study  for  the  1879  conditions,  similar  to  the  fore- 
going, was  made  in  1879  and  1880  in  the  office  of  the  State  Engineer, 
and  was  supplemented  by  another  estimate  based  on  the  mass-curve 
or  flood-wave  movement  method,  which  has  already  been  explained. 
Figures  are  not  at  command  to  give  the  basis  of  this  second  estimate 
in  detail.  It  was  necessary  to  assume  a  definite  position  of  river  levees 
ou  which  the  estimates  of  channel  storage  were  then  based.     There- 
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Mr.  OruDsky.  upon,  water  elevations  were  approximated  for  the  selected  time  period. 
Where  data  were  lacking  relating  to  the  discharge  of  streams  at  the 
j)oints  where  they  entered  the  valley,  discharge  curves  were  controlled 
in  shape  by  the  known  shape  of  discharge  curves  on  other  streams, 
and  by  a  comparison  of  the  run-off  per  square  mile  of  drainage  area. 
Reasonable  time  allowances  were  then  made  for  the  forward  move- 
ment of  the  flood  wave  in  each  tributary,  and  flood-wave  shapes  were 
modified  by  making  proper  allowance  for  channel  storage. 

As  a  result  of  this  second  estimate,  it  was  concluded  that,  during 
the  flood  period  of  March  4th  to  20th,  1879 : 

The  Feather  River  maximum  delivery  into  Sacramento  River 
would  have  occurred  on  March  6th,  and  would  have  been  57  400  cu.  ft. 
per  sec. 

The  American  River  maxim.um  discharge  would  have  occurred  on 
March  6th,  and  would  have  been  37  000  cu.  ft.  per  sec. 

The  Sacramento  River  maximum  discharges  would  have  been : 

At  Red  Bluff 133  000  cu.  ft.  per  sec. 

"     Colusa   89  000    "      "      "      " 

"     (above)  Feather  River 83  000    "      "      "      " 

"  (above)   American  River...  136  000    "      "      "      " 

"     Sacramento   City    162  000    "      "      "      " 

A  similar  study  was  made  later  for  the  flood  condition  of  January, 
1894,*  and  the  following  probable  maxima  were  determined: 

Sacramento  River  at  Red  Bluff 152  000  cu.  ft.  per  sec. 

"  "      at  Colusa    92  000    "  "      "     " 

"  "      at  (above)  Feather  River.  .     87  000"  "     "     " 

«  "      at  (above)   American  River  136  000    "  "      "      " 

"  "      at  Sacramento   City    156  000    "  "      "      " 

The  actual  maximum  discharge  at  Sacramento  City  in  1894  was 
only  about  54  000  cu.  ft.  per  sec.  In  January-,  1894,  the  river  rose  4  ft. 
higher  at  Red  Bluff  than  during  the  flood  stage  of  March,  1879.  The 
river  at  Sacramento,  in  January,  1894,  was  2  ft.  lower  than  in  March, 
1879.  At  the  earlier  date  the  flood-basins  were  well  filled  with  water; 
at  the  later  date  they  were  practically  empty  at  the  commencement  of 
the  rise  and  were  therefore  particularly  efficient  in  retarding  the 
passage  of  the  flood  wave  down  the  valley. 

No  allowance  for  storage,  outside  of  the  present  alignment  of  river 
levees,  was  made  in  arriving  at  the  foregoing  figures,  although  it  is 
well  known  that  it  would  be  impossible  to  carry  flood  volumes  between 
the  present  lines  of  levees. 

♦"Report  of  Consulting  Engineers,  Manson  and  Grunsky,  to  Commissioner  of  Public 
Works.  Califurnia,''  "  Report  of  Commissioner,  1895."  p.  5-3. 
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Neither  the  flood  conditions  of  1879,  which  are  the  main  basis  of  Mr.  GruusUy. 
the  foregoing  discussion,  nor  those  of  1891  were  extreme  conditions. 
Both  floods  were  such  as  may  occur  frequently.    That  of  1879  was  the 
result  of  rainfall  conditions  that  have  been  described  as  follows:* 

"After  moderate  rains  in  January,  1879,  a  general  rain  set  in  ou 
February  7th.  The  storm  continued  six  days,  during  which  time  3.15 
inches  fell  at  Sacramento.  After  an  intermission  of  a  day,  rain  again 
fell  during  a  three-day  rainy  period  to  the  extent  of  .73  of  an  inch. 
The  next  two  weeks  were  dry.  It  rained  a  little  on  March  2d,  and  a 
second  general  storm  commenced  on  March  4th.  On  the  5th,  the  pre- 
cipitation reached  1.97  inches  at  Sacramento,  and  during  this  storm, 
which  continued  to  March  9th,  the  precipitation  at  Sacramento  was 
3.85  inches." 

At  the  flood  stage  of  1907,  according  to  the  interpretation,  by  the 
authors,  of  the  U.  S.  Geological  Survey  records  at  Eed  Bluff,  the 
maximum  discharge  was  204  000  cu.  ft.  per  sec.,  and  there  were  five 
days  in  which  the  discharge  exceeded  100  000  cu.  ft.  per  sec.  The 
mean  flow  for  11  days  was  98  500  cu.  ft.  per  sec,  and  for  17  days  it 
probably  exceeded  80  000  cu.  ft.  per  sec.  The  Feather  Kiver  at  Oro- 
ville  is  shown  to  have  been  at  its  highest  stage  on  the  same  day  that 
Yuba  and  Bear  Rivers  were  highest.  The  combined  mean  flow  of 
these  streams  for  11  days  was  112  800  cu.  ft.  per  sec,  and  for  a  period 
of  17  days,  probably  about  86  000  cu.  ft.  per  sec. 

Comparing  these  values  with  those  heretofore  noted  for  the  high 
water  of  1879,  it  is  found  that  the  flow  in  17  days  at  Red  BlufE  in  1907 
exceeded  that  of  1879  by  about  43  000  cu.  ft.  per  sec.  It  was  more 
than  twice  as  great.  For  the  same  length  of  time,  the  discharge  of 
Feather  River  and  its  two  tributaries  in  1907  exceeded  the  flow  of  1879 
by  52  000  cu.  ft.  per  sec.  In  this  case,  also,  the  later  run-off  was  more 
than  twice  as  great  as  the  earlier.  The  maximum  at  Red  Bluff  in  1907 
was  54%  greater  than  the  maximum  in  1879.  This  comparison  is  an 
indication  that  about  twice  the  channel  capacity  of  drainways  would 
be  required  for  a  flood  similar  to  that  of  1907,  as  for  one  similar  to 
that  of  1879. 

The  water  which  would  pass  down  the  Sacramento  Valley  thus 
indicated  for  the  latitude  of  Sacramento  would  be  somewhat  more 
than  320  000  cu.  ft.  per  sec,  not  including  Cache  Creek  or  Puta  Creek 
discharges.  This  amount  is  to  be  compared  with  559  000  cu.  ft.  per 
sec.  noted  by  the  authors  for  Sacramento  River  below  the  mouth  of 
American  River,  and  230  000  cu.  ft.  per  sec  estimated  by  the  Board  of 
Engineers  of  1904.  As  this  comparison  seemed  to  indicate  an  over- 
estimate on  the  part  of  the  authors,  it  led  to  a  further  examination  of 
their  figures.  They  have  allowed  in  their  estimate  for  the  time  that 
it  takes  flood  waves  to  travel  from  point  to  point,  but  have  not  made 
*  '■  lleport  of  Commissioner  of  Public  Works,  California,"  1895,  p.  57. 
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Grunsky.  the  proper  allowance  for  the  flood-wave  shape.  Thus,  for  example,  the 
combined  maxima  of  Feather,  Yuba  and  Bear  Rivers,  258  000  cu.  ft. 
per  sec,  are  assumed  as  being  delivered  into  the  Sacramento  River  at 
practically  the  same  instant  of  time,  without  taking  into  account  the 
reduction  of  these  maxima  that  must  result  from  flood-wave  elongation. 
Allowance  for  such  elongation  would  reduce  the  maximimi  delivery  of 
these  three  streams  into  Sacramento  River  by  about  20  000  cu.  ft.  per 
sec. 

It  can  be  shov>-n  in  a  similar  way  that  the  river  reservoir  space  be- 
tween Red  Bluff  and  Feather  River  would  have  a  like  modifying  ef- 
fect upon  the  Sacramento  River  discharge,  and  that,  consequently,  the 
total  discharge  for  which  provision  is  to  be  made  below  the  mouth  of 
Feather  River  will  be  somewhat  less  than  the  466  000  cu.  ft.  per  sec. 
noted  in  the  paper. 

To  get  some  idea  of  the  maximum  output  of  the  Sacramento  River 
below  Cache  Slough,  under  regulated  conditions,  that  is  to  say,  with 
enough  waterway,  natural  and  artificial,  to  carry  the  entire  flood  dis- 
charge, the  following  process  is  suggested : 

Assume  as  an  upper  limit  of  the  mean  velocity  at  high-water 
stages,  in  the  channels  traversing  the  Sacramento  Valley  lengthwise 
5  ft.  per  sec.  and  7.5  ft.  per  sec.  in  the  channels  such  as  Feather,  Yuba, 
Bear  and  American  Rivers,  which  cross  the  direction  of  the  valley. 
On  this  assumption,  and  a  first  approximation  of  maximum  discharge, 
the  cross-sectional  area  of  the  required  channels  can  be  determined. 
Let  it  then  be  further  assumed  that,  of  the  cubical  contents  of  the 
channels  thus  determined,  variable  amounts,  ranging  from  four-fifths 
for  the  tributaries  and  up-river  reaches  to  one-half  for  the  lower 
stretches  of  the  river,  will  be  available  as  reservoir  space  to  be  filled 
during  the  passage  of  the  flood.  On  this  assumption,  the  total  water 
stored  in  the  channels  at  some  time  during  the  flood  would  have  ex- 
ceeded the  channel  contents  at  the  beginning  thereof  by  an  amount 
equivalent  to  a  flow  of  about  600  000  cu.  ft.  per  sec.  for  one  day. 

Using  the  discharge  figures  given  by  the  authors  without  correc- 
tion, but  apportioning  the  flow  noted  for  valley  and  foot-hill  areas  to 
the  several  days  of  the  flood  period,  it  will  be  seen  that  the  aggregate 
amount  of  water  which  entered  Sacramento  Valley  was: 

On  March  16  about  140  000  cu.  ft.  per  sec. 


17 

'   313  000 

18 

'      582  000 

19 

'      712  000 

20 

'   547  000 

21 

"   374  000 

By  the  mass-curve  method,  already  described,  it  can  now  be  shown 
that  the  maximimi  discharge  of  the  Sacramento  River  below  its  lowest 
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tributary  would  have  been  about  540  000  cu.  ft.  per  sec.,  and  that  this  Mr.  Grunsky. 
would  ha%'e  occurred  late  on  March  19th,  or  on  March  20th.  As  the 
assumed  mean  velocities  are  probably  in  excess  of  those  that  would 
prevail  in  flood-water  channels,  it  seems  probable  that  the  high-water 
channels  would  have  to  be  correspondingly  larger  and  that  there 
would,  in  fact,  be  somewhat  more  channel  storage  effective  in  holding 
back  flood-waters  than  above  assumed. 

It  is  believed  that  540  000  cu.  ft.  per  sec,  as  an  approximation  of 
the  maximum  discharge  that  would  have  resulted  in  Sacramento  River 
below  Cache  Slough  if  water  had  been  delivered  into  the  valley  as  esti- 
mated by  the  authors,  and  if  it  had  all  been  confined  to  adequate 
channels,  is  nearer  the  correct  value  than  the  640  000  cu.  ft.  per  sec. 
noted  in  the  paper. 

Not  only  is  this  probable,  but  it  is  thought  likely  that  the  authors 
have  over-estimated  the  high-water  discharges  of  most  of  the  streams. 
The  rating  tables  are  based  on  gaugings  made  for  the  most  part  at 
relatively  low  stages,  and  are  approximations  for  discharge  at  high 
stages,  at  which  the  disturbing  effect  of  irregular  channel  is  great. 
The  writer  believes,  however,  that  the  recorded  discharge  of  Sacra- 
mento River  through  Iron  Caiion,  where  the  river  lies  in  a  beautiful 
straight  reach  and  has  a  bottom  permanent  or  nearly  so,  is  not  materially 
in  error.  But  in  the  case  of  Feather  River  at  Oroville,  and  the  Yuba, 
Bear  and  American  Rivers,  the  over-estimate  is  probable. 

A  run-off  of  25  500  cu.  ft.  per  sec.  has  been  assumed  by  the  authors 
for  a  4-day  period  from  the  flat,  arable,  and  for  the  most  part  culti- 
vated, surface  of  Sacramento  Valley.  This  is  said  to  be  50%  of  the 
rain  which  fell  in  the  valley  from  March  17th  to  20th.  It  represents 
a  run-off  depth  of  about  0.85  in.  The  rain  which  caused  it  was  there- 
fore evidently  taken  at  about  1.70  in.  Now,  it  is  well  known  that 
about  3  in.  may  fall  in  an  ordinary  rain  storm,  such  as  that  of  March 
16th  to  20th,  extending,  as  did  this,  over  several  days,  without  produc- 
ing any  run-off  from  valley  lands  or  from  the  adjoining  low  foot-hill 
region  of  the  west.  As  an  illustration  of  this  point,  the  following  ex- 
perience of  the  writer  may  be  noted.  In  April,  1896,  while  a  study 
of  a  west  side  Sacramento  Valley  drainage  project  was  being  made,  it 
commenced  to  rain  and  the  storm  proved  to  be  general.  Preparations 
were  made  to  gauge  the  foot-hill  streams,  but  they  did  not  respond  to 
the  rain.  Although  nearly  4  in.  of  rain  fell  in  four  days  on  some  por- 
tions of  the  region  under  consideration  during  a  storm  in  which  2.84 
in.  fell  in  the  same  four  days  at  Sacramento  and  2.31  in,  at  Willows, 
the  Coast  Range  foot-hill  streams  brought  down  no  water.  On  this 
occasion,  the  foot-hill  lands  and  the  flat  valley  lands  took  up  3  in.  of 
water  without  producing  enough  run-off  to  reach  the  trough  of  the 
valley.  It  is  believed,  in  view  of  the  foregoing,  that  the  25  500  cu.  ft. 
per  sec.  are  far  in  excess  of  the  actual  valley  run-off.  It  is  probable 
that  one-tenth  to  one-fifth  of  this  quantity  would  be  nearer  the  truth. 
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Mr.  Grunsky.  Again,  76  000  cu.  ft.  per  sec.  are  noted  as  the  mean  run-ofi  for  a 
4-day  period  from  low  mountain  and  foot-hill  areas,  some  on  the  east 
side  of  the  valley  (about  1  600  sq.  miles),  and  some  on  the  west  (about 
1  500  sq.  miles).  That  on  the  west  includes  Red  Bank,  and  Thomes 
Creeks;  that  on  the  east.  Deer,  Mill,  Chico,  Honcut  and  other  streams 
which  respond  readily  to  winter  storms.  But  much  of  the  area  is  of 
the  soil-covered  foot-hill  type,  which  absorbs  moisture  greedily,  and  for 
which  the  assumed  run-off  value  for  a  4-day  period  of  25  cu.  ft.  per 
sec.  is  imdoubtedly  too  large.  This  run-off  is  equivalent  in  4  days  to 
a  run-off  depth  of  3.72  in.  To  produce  this  in  the  course  of  a  rainy 
season  there  would  ordinarily  be  required  about  19  in.  of  rain.  It  is 
not  believed  possible  that  in  the  low  areas,  where  there  was  little  or  no 
snow,  such  an  amount  of  water  flowed  to  the  streams. 

In  view,  therefore,  of  the  over-estimates  of  the  run-off  from  valley 
and  foot-hill  areas,  and  the  probable  over-estimate  of  the  discharge  of 
the  principal  tributaries  of  the  river,  it  may  safely  be  assumed  that 
the  figures  given  by  the  authors  in  Table  24  are  over-estimates,  par- 
ticularly those  applying  to  the  lower  reaches  of  the  river.  The  prob- 
ability is  that  the  figures  for  the  actual  water  quantities  to  be  pro- 
vided for  lie  somewhere  between  those  of  the  Board  of  Engineers  of 
1904  and  those  given  by  the  authors,  though  probably  nearer  the  latter. 

The  same  criticism  relating  to  over-estimates  that  has  just  been 
made  with  reference  to  the  regulated  flow  of  Sacramento  Eiver  applies 
in  the  case  of  the  San  Joaquin.  The  rains  of  March,  1907,  produced 
very  little  run-off  from  San  Joaquin  Valley  lands,  except  on  smaU 
areas  near  Stockton  and  possibly  near  Merced,  where  the  soil  is  clayey. 
The  total  valley  run-off  was  so  small  that  it  may  well  be  neglected.  It 
has  been  entered  by  the  authors  at  23  560  cu.  ft.  per  sec.  as  a  mean 
for  a  4-day  period.  Xeither  did  the  foot-hill  lands  produce  a  run-off 
of  1.8  in.,  the  amount  assumed  for  which  as  an  aggregate  for  a  full 
ordinary  rain  year  a  rain  of  about  14  to  20  in.  would  be  requisite.  On 
the  other  hand,  this  flood  was  not  typical  of  the  occasional  great  floods 
in  the  San  Joaquin  Valley.  All  the  streams  southward  from  the 
Mokelumne  Eiver  have  at  times  been  much  higher.  Such  years  as 
1861-62  and  1867-68  would  produce  conditions  very  different  from 
those  which  prevailed  on  the  San  Joaquin  and  its  tributaries  in  1907. 
There  is  no  occasion,  therefore,  for  attempting  to  apply  here,  also,  a 
mass-curve  analysis,  though  it  is  believed  that  if  this  were  done  the 
relative  reduction  of  the  total  appearing  for  San  Joaquin  Basin  in 
Table  21  would  be  much  greater  than  the  reduction  above  indicated  as 
a  probable  correction  to  be  applied  to  the  total  given  for  the  Sacra- 
mento Basin. 

The  wi'iter  shares  with  the  authors  the  opinion  that  it  would  be 
desirable  to  deal  with  the  drainage  and  irrigation  problems  of  the 
Sacramento  Valley  as  a  single  project,  and  is  convinced  that  water 
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Storage  in   the  mountain   water-sheds,   as  pointed   out   in   the   paper,  Mr.  unmsky. 

would  be  beneficial.     The  a^'gregate  amount  of  storage  that  can  be 

made  effective  in  elongating  flood  waves,  however,  is  relatively  small. 

Under  the  high-water  conditions  as  they  prevailed  at  the  critical  period 

of  March,  1907,  the  great  reservoir  on  Pit  River  would  have  held  back 

only  about  200  000  acre-ft.     Nearly  3  000  000  acre-ft.  of  its  capacity, 

wliile  useful  in  holding  a  water  supply  for  irrigation,  would  have  been 

useless  in  modifying  the  flood  discharge  of  Sacramento  River  into  the 

head  of  Sacramento  Valley.    In  other  respects,  too,  the  full  benefit  of 

the  reservoir  capacities  cannot  be  hoped  for.     Being  intended  to  hold 

water  in  reserve  for  irrigation,  they  should  be  full  or  nearly  full  in 

spring,  yet  their  maximum  efficiency  as  modifiers  of  flood  discharge 

depends  upon  their  being  empty  or  nearly  so  at  the  beginning  of  the 

critical  period  during  a  general  rain  storm,  which  may  occur  as  late 

as  April.     Intelligent   control  of  outflow  from  the   reservoirs   during 

the  rainy  season,  therefore,  is  a  requisite,  if  they  are  to  be  of  material 

effect  in  reducing  river  discharge  maxima. 

The  total  amount  of  storage  capacity  in  the  reservoirs  mentioned 
in  Table  27  is  about  4  800  000  acre-ft.,  of  which,  as  explained,  at  least 
3  000  000  acre-ft.  would  not  have  been  effective,  because  the  water  was 
not  available  in  suiEcient  quantity  for  storage  in  the  Big  Valley  on 
Pit  River.  A  part  of  the  remaining  1  800  000  acre-ft.  would  likewise 
be  unavailable  for  restraining  flood  waters  in  any  month  of  March 
because,  use  for  power  and  irrigation  being  assumed,  the  reservoirs 
might  then  already  be  at  a  half-full  stage.  The  storage  available,  un- 
der such  circumstances,  to  modify  a  March  flood  would  be  900  000 
acre-ft.,  equivalent  to  about  one  day's  discharge  from  all  sources  into 
Sacramento  Valley  under  such  conditions  of  run-off  as  prevailed  from 
March  17th  to  20th,  in  1907.  The  half -full  stage  in  March  is  used  here 
merely  as  an  illustration  of  the  principle  involved.  According  to  the 
quantity  of  snow  on  the  ground,  and  other  known  conditions  for  each 
reservoir,  there  might  be  considerable  departure  from  the  half-full 
stage  in  the  individual  reservoirs. 

H.  M.  Chittenden,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  has  Mr.  cwtten- 
a  particular  interest  to  the  writer  because  of  the  exhaustive  study  that 
he  made  of  the  flood  problem  of  the  Sacramento  River  in  1904,  as  a 
member  of  the  Commission  of  Engineers  appointed  by  the  State  of 
California  to  investigate  that  problem.  One  of  the  chief  difficulties 
which  the  Commission  encountered  in  its  work  was  the  lack  of  accurate 
data  upon  the  flood  discharge  of  the  main  river  or  its  tributaries.  The 
data  which  the  authors  have  here  presented  in  so  complete  and  satis- 
factory a  manner  cannot  fail  to  be  of  immense  value  in  any  future 
plans  for  the  solution  of  that  problem. 

The  writer  notes  with  considerable  satisfaction  the  records  of  the 
flood   discharge  of   Stony,   Cache  and   Puta   Creeks.     The  only  data 
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Mr.  Chitten-  available  at  the  time  the  Commission  made  its  investigations  gave 
®°'  such  absurdly  large  ""figures  for  the  discharge  of  these  streams  that 
the  Commission  deliberately  rejected  them,  and  arbitrarily  assumed 
others  which  seemed  to  them  to  be  nearer  the  facts.  It  now  appears 
that  even  their  estimates  were  too  high;  and  it  may  be  safely  assumed 
that  these  streams,  particularly  Cache  and  Puta  Creeks,  will  no  longer 
be  the  bugbear  which  they  were  in  previous  investigations  of  this 
problem. 

In  regard  to  the  maximum  discharge  of  the  Sacramento  River  in 
the  recent  flood,  on  the  assumption  of  its  being  all  confined  to  the 
channel,  the  writer  is  of  the  opinion  that  the  figures  given  by  the 
authors  are  somewhat  excessive.  As  stated  in  their  paper,  no  allow- 
ance was  made  for  the  attenuation  of  flood  waves  in  their  progress 
down  stream,  and  the  maximum  discharge  was  taken  as  the  arithmeti- 
cal sum  of  the  discharges  of  the  tributaries,  with  a  time  allowance  for 
their  reaching  certain  specified  points.  While  this  assumption  was 
probably  more  nearly  correct  in  the  late  flood  than  it  would  have  been 
in  any  other  in  the  known  history  of  the  river,  still  the  writer  believes 
that  it  is  not  entirely  correct,  even  in  this  case.  The  main  stream  re- 
ceives no  accession  whatever  in  high  water  below  Stony  and  Chico 
Creeks  (at  the  upper  end  of  the  flood  plain),  except  at  the  mouths  of 
Feather  and  American  Rivers  and  Cache  Slough.  If  the  trunk  stream 
were  treated  so  that  it  could  carry  a  flood  like  that  of  1907,  its  channel 
capacity  would  be  so  great  that  a  large  amount  of  storage  would  bo 
absorbed  in  any  considerable  increase  in  gauge  height,  while,  in  the 
upper  portion  at  least,  there  are  so  many  obstructions  to  the  regular 
flow  that  any  computation  of  the  rate  of  progress  of  a  flood  crest 
could  hardly  be  depended  upon  as  correct.  In  a  short,  sharp  flood 
wave,  like  that  of  1904,  in  which  the  discharge  at  Iron  Canyon  rose 
from  85  000  cu.  ft.  per  sec.  on  February  15th  to  185  000  next  day  and 
fell  to  70  000  on  the  third  day,  there  can  be  no  question  that  the  wave 
flattens  out  very  rapidly  on  its  way  down  stream;  and,  upon  passing 
out  into  the  bay,  its  maximum  value  would  probably  be  not  more  than 
half  of  that  at  Iron  Canyon,  but  it  would  be  much  longer  in  passing. 
Of  course,  this  effect  will  be  proportionately  less  pronounced,  as  a 
flood  wave  is  of  long  duration,  rising  gradually  to  its  crest  and  fall- 
ing gradually  therefrom;  and  this  was  exactly  the  situation  in  the 
flood  of  1907.  Still,  the  writer  is  inclined  to  think  that,  taking  all 
things  into  consideration,  there  was  some  diminution  of  the  volume 
of  the  flood  wave  at  crest  with  the  progress  down  stream,  both  in  the 
stretch  between  Iron  Canyon  and  the  mouth  of  Feather  River,  and  in 
that  below  the  mouth  of  American  Fork;  but,  with  the  utmost  allow- 
ance for  this  effect,  it  is  still  apparent  that  the  discharge  vastly  ex- 
ceeded that  of  any  other  flood  of  which  there  is  a  deflnite  record. 

The  writer  is  also  inclined  to  think  that  the  authors  give  greater 
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weight  to  the  effect  of  the  proposed  reservoirs  in  a  flood  like  that  of  Mr.  chitt^n- 
1907  than  they  are  justified  in  doing.  Of  the  importance  of  reservoirs 
in  storing  the  flood  waters  of  streams,  there  can  be  no  question.  The 
value  of  this  stored  water  is  so  great  in  many  directions — for  power, 
irrigation,  and  even  navigation  itself — that  the  utilization  of  all  pos- 
sible reservoir  sites  is  justifiable  from  nearly  every  point  of  view.  It 
i?  questionable,  however,  whether  the  creation  of  such  reservoirs  at  a 
vast  outlay  is  justifiable  from  the  point  of  view  of  flood  protection 
alone;  and  even  if  reservoirs  were  built  exclusively  for  that  purpose, 
it  is  doubtful  if  popular  sentiment  would  not  sooner  or  later  compel 
their  use  for  industrial  purposes. 

Now,  when  it  comes  to  a  combination  of  industrial  use  and  flood 
protection,  it  will  at  once  be  found  that  the  two  purposes  are  very  con- 
flicting. For  industrial  use  it  is  important  that  the  reservoirs  be  full 
when  the  season  of  heavy  precipitation  terminates;  for  flood  protection 
it  is  important  that  they  be  always  kept  empty  until  the  danger  of 
flood-producing  rains  is  certainly  passed.  It  will  be  understood,  of 
course,  that,  in  making  this  statement,  the  writer  is  speaking  in  gen- 
eral terms,  and  fully  understands  that  a  particular  reservoir  site  may 
have  special  conditions  which  may  modify  it  to  some  extent;  but,  as 
a  broad  generalization,  unless  reservoirs  are  given  extraordinary 
capacity,  it  is  not  probable  that  they  can  be  utilized  to  their  full  ex- 
tent for  protection  against  the  larger  floods.  This  is  especially  true 
when  conditions  prevail  like  those  which  caused  the  flood  of  1907. 
The  streams  of  the  Sacramento  Basin  appear  to  have  been  practically 
in  flood  stage  for  a  considerable  period  before  the  final  storms  of 
March  17th,  18th,  and  19th  arrived.  Unless  the  various  reservoirs  (if 
built)  were  provided  with  enormous  sluice-ways,  capable  of  exhausting 
the  storage  nearly  as  fast  as  it  came  in  previous  to  these  dates,  it 
would  probably  have  been  quite  impossible  to  keep  them  from  filling 
up.* 

It  must  be  remembered  that  a  fatal  obstacle  to  the  perfect  handling 
of  any  system  of  reservoirs,  from  the  point  of  view  of  flood  protec- 
tion, is  that  Science  has  as  yet  furnished  no  means  of  predicting 
climatic  conditions  with  any  degree  of  certainty.  It  can  never  be 
foretold  when  or  in  what  magnitude  storms  will  come,  and,  therefore, 
the  only  safe  plan  to  follow,  if  reservoirs  are  to  be  kept  in  use  for 
purposes  of  preventing  floods,  is  always  to  keep  them  as  nearly  empty 
as  possible;  but  this,  as  previously  stated,  is  contrary  to  the  policy 
required  if  they  are  to  be  used  for  industrial  purposes. 

It  is  the  writer's  opinion  that,  of  those  reservoirs  which  have  a 
sufficient   drainage   area   above   them   to    exercise    an   appreciable   in- 

*This,  of  course,  refers  to  reservoirs  of  moderate  capacity,  and  not  to  the  immense  ones 
like  those  on  Pit  River  and  at  Clear  Lake. 

Wherever  reservoirs  exist  of  such  vast  capacity  compared  with  the  run-off  from  the 
water-sheil  above,  it  is  clear  that  they  are  a  perfect  protection  from  floods  in  the  valleys 
below  them,  so  far  as  the  run-off  from  above  is  concerned. 
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Mr.  Chitten-  fluence  iipon  a  flood  like  that  of  1907,  not  more  than  four  could  be 
depended  upon  to  realize  the  authors'  expectations,  and  that,  of  the 
remainder  (on  the  Sacramento,  Feather  and  Stony),  not  more  than 
one-fourth  to  one-third  of  their  actual  capacity  could  be  depended 
upon  with  certainty.  Most  of  the  flow  of  Puta  Creek  and  about  one- 
half  of  that  of  Cache  Creek  could  be  held  back  effectually. 

While  the  writer  is  of  the  opinion  that  the  authors'  estimate  of 
the  value  of  the  reservoirs  in  reducing  a  flood  like  that  of  1907  is  too 
great,  still,  as  such  floods  are  of  extremely  rare  occurrence,  probably 
not  arriving  more  than  once  in  a  century,  if  even  that  often,  their 
value  in  such  floods  is  not  a  matter  of  so  much  importance  as  in  the 
great  floods,  like  that  of  1904,  which  come  every  few  years.  They 
would  be  cut  off  enough  from  the  peak  of  such  floods  to  form  an 
effective  insurance  in  a  scheme  of  improvement  such  as  that  recom- 
mended by  the  1904  Commission;  because,  with  the  reduction  in  flood 
height  which  they  would  produce,  the  works  proposed  by  the  Commis- 
sion would  accomplish  the  desired  flood  control  with  almost  certain 
safety  from  danger  of  serious  damage. 

As  to  the  problem  itself,  of  affording  immunity  from  a  flood  like 
that  of  1907,  the  writer  quite  agrees  with  the  authors  that  the  vast 
expense  of  such  a  work,  on  the  lines  proposed  by  the  Commission, 
would  probably  exceed  the  resources  of  the  State.  It  is  doubtful  if 
there  is  any  practicable  method  by  which  such  a  deluge  can  be  ef- 
fectually controlled.  The  problem  is  certainly  more  intricate  and  diffi- 
cult than  that  of  the  Mississippi,  and,  in  proportion  to  the  land  area 
involved,  is  vastly  more  expensive.  Its  complicated  and  conflicting 
nature  can  be  partially  appreciated  when  the  several  ends  which  are 
sought  to  be  obtained  are  considered,  namely,  flood  control,  navigation, 
and  irrigation  or  other  industrial  use.  It  has  already  been  pointed 
out  how  conflicting  are  the  demands  upon  reservoirs  for  the  two  pur- 
poses of  flood  control  and  industrial  use.  The  purposes  of  flood  con- 
trol and  navigation  are  likewise,  to  some  extent,  conflicting.  Naviga- 
tion, in  the  low-water  season,  requires  a  concentration  of  the  current 
into  a  small  channel  section;  flood  protection  requires  a  very  large 
section.  To  make  the  Sacramento  River  large  enough  to  carry  its 
great  floods  will  necessitate  an  increase  in  the  channel  section  through- 
out the  whole  extent  of  the  flood  plain,  and  a  very  large  increase  in 
certain  portions.  Take,  for  example,  the  reach  between  Feather  River 
and  Colusa — one  of  the  most  remarkable  river  channels  in  the  world. 
Right  in  the  middle  course  of  a  stream  which  comes  down  with  an 
ordinary  high  flood  stage  of  say  150  000  cu.  ft.  per  sec,  occurs  this 
reach  of  70  miles  of  firm  and  stable  banks,  excessive  sinuosity,  and 
a  contracted  section  which  can  carry  only  about  30  000  cu.  ft.  per  sec. 
within  banks.  This  part  of  the  river  virtually  says  to  that  above:  'T. 
will  receive  and  transmit  so  much  water,  and  no  more,  and  you  will 
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have   to  dispose  of   the   rest   as  best  you   can";   and   the   upper  river  Mr.  Chitt*'ii- 

promptly  spills  all  the  excess  out  into  the  basins  on  either  side;  and 

so  the  flow  of  this  stretch  of  river  varies  from,  say,  10  000  cu.  ft.  per 

sec.  at  low  water  to,  say,  30  000  cu.  ft.  per  sec.  at  high  water,  and  is 

essentially  the  same  as  a  navigable  stream  the  year  round.     Why  it 

does  not  fill  up  with  sediment,  considering  its  greatly  reduced  velocity 

from  the  reach  above,  it  is  difficult  to  understand;  but  the  channel  is 

nearly  everywhere  deep,  the  current  gentle,  and  the  stream  an  ideal 

one  for  navigation.    It  is  also  exceedingly  picturesque,  from  a  scenic 

point  of  view,  with  its  regular  curves,  smooth  water,  and  overhanging 

foliage. 

All  this  will  be  utterly  changed  when  the  channel  is  developed  to 
carry  the  great  floods.  The  bends  will  be  cut  out,  the  channel  distance 
shortened  by  about  23  miles,  and  the  slope  correspondingly  increased. 
In  time  of  flood  a  vast  volume  of  water  will  flow  rapidly  along  the 
enlarged  channel,  but  in  the  dry  season  no  more  than  at  present.  The 
result  will  be  that  the  low-water  flow,  which  now  has  a  channel  well 
adapted  to  its  volume,  will  then  find  itself  lost  in  a  vast  expanse  of 
bed  with  the  inevitable  result  of  diminished  depth,  more  shoals,  and 
the  usual  defects  of  alluvial  rivers. 

No  satisfactory  answer  occurs  to  this  objection  to  a  general  scheme 
of  flood  control  except  that  the  importance  of  reclamation  along  this 
part  of  the  river  far  outweighs  that  of  navigation,  and  that  the  Gov- 
ernment, which  gave  the  State  these  lands  on  the  condition  that  they 
should  be  reclaimed,  cannot  rightfully  stand  in  the  way  of  the  neces- 
sary measures  for  their  reclamation.  The  Sacramento  and  San 
Joaquin  Valleys  are  the  heart  of  California,  and  their  development  is 
of  such  vital  interest  to  the  State  and  the  whole  Pacific  Coast  that 
the  problem  of  their  reclamation  must  receive  at  least  a  partial  solu- 
tion. 

The  writer  is  of  the  opinion  that  the  works  proposed  by  the  Com- 
mission of  190-t,  supplemented  by  the  reservoirs  which  the  authors  pro- 
pose, will  solve  the  problem  in  any  except  extraordinary  floods  like 
that  of  1907.  It  may  probably  be  necessary  for  such  floods  to  find 
relief  in  the  basins  for  a  portion  of  their  volume,  and  if  this  can  only 
be  accomplished  by  suitable  overflow  weirs,  so  that  the  levees  will  not 
be  destroyed,  the  very  rare  inundations  which  would  result  could  prob- 
ably be  borne  by  the  community  without  great  hardship. 

H.  F.  Labelle,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper,  apart  Mr.  Labeiie. 
from   giving   valuable   information   regarding  flood-producing   storms, 
throws  some  light  on  the  mooted  question  of  the  influence  of  elevation 
on  rainfall. 

Some  hydraulists  are  of  the  opinion  that  elevation  does  not  always 
cause   an   increase   in  precipitation,    especially   in   the  United   States. 
Fanning*   has   given   consideration   to   this   question,   and   shows   that 
*  "  A  Practical  Treatise  on  Hydraulic  and  Water  Supply  Engineering.'" 


350  DISCUSSION    ON   CALIFOEXIA   FLOOD 

Ml .  Labeiie.  rainfall  generally  decreases  with  the  increase  of  distance  from  the 
ocean.  He  gives  a  table  showing  that  in  a  series  of  rivers  in  differ- 
ent parts  of  America  the  rainfall  decreases  from  their  mouths  to  their 
sources.  This  is  easily  explained  by  the  fact  that  the  clouds,  in 
passing  over  the  land,  are  gradually  depleted  of  their  moisture,  and  that 
their  capacity  for  producing  rain  gradually  decreases,  even  with  in- 
crease of  elevation  and  consequent  lower  temperature. 

When,  however,  the  air  is  thoroughly  saturated  with  moisture 
(and  the  writer  will  agree  that  this  condition  does  not  generally  exist 
at  long  distances  from  the  sea  coast,  at  least  in  temperate  regions), 
this  air,  coming  in  contact  with  mountain  ridges  and  steep  rises  of 
ground,  will  deposit  the  moisture  it  contains  at  a  more  rapid  rate  as 
the  elevation  increases. 

This  influence  of  elevation  on  rainfall  has  been  recognized  for 
many  years  in  India,  and  the  following  laws  governing  the  same  have 
been  adopted: 

1. — Rainfall  increases  with  elevation,  up  to  5  000  ft. 

2. — Rainfall  decreases  with  elevation,  above  5  000  ft. 

3. — The  increase  of  rainfall  per  100  ft.  rise  is  about  0.6  in. 

This  influence  of  elevation  on  precipitation  is  well  illustrated  by 
Buckley*  who  shows,  on  the  map  of  India,  the  contour  lines  of  rain- 
fall and,  consequently,  its  general  distribution.  By  far  the  greater 
part  of  the  rainfall  of  India  is  due  to  the  western  monsoon,  which 
occurs  between  June  and  October.  During  that  time  enormous  quan- 
tities of  moisture  are  blown  from  the  Indian  Ocean  in  a  northern  and 
northeastern  direction.  These  gyratory  storms,  called  "taiphoons"  by 
the  Chinese,  "baguios"  by  the  Filipinos,  and  "ciclons"  by  the  inhabi- 
tants of  the  islands  of  the  Caribbean  Sea,  are  sometimes  more  than 
1  000  miles  in  diameter,  and  their  western  parts,  after  passing  over  the 
Arabian  Sea,  first  impinge  on  the  Western  Ghauts,  where  the  greatest 
rainfall  occurs.  After  passing  the  summit  of  these  hills,  the  clouds 
have  lost  their  density,  and  the  incidence  of  annual  rainfall  decreases, 
almost  suddenly,  from  100  to  25  in.  Gradually,  however,  as  a  higher 
latitude  is  reached,  the  rainfall  increases  again,  this  increase  cumulat- 
ing in  a  maximum  just  north  of  the  Central  Provinces,  after  which  it 
decreases  until  the  foot-hills  of  the  Himalayas  are  reached.  The  east- 
ern parts  of  these  cyclonic  storms  cross  the  Bay  of  Bengal  and  con- 
tinue to  gather  strength  and  moisture  until  they  reach  the  latitude  of 
Calcutta.  Owing  to  this  fact,  the  precipitation  is  greater  in  the  east- 
ern than  in  the  western  part  of  India,  and  the  average  rainfall  goes 
on  increasing  from  75  in.  on  the  coast  to  150  in.  in  the  mountains  of 
Assam.  After  passing  these  mountains,  it  again  drops  to  75  in.,  and, 
finally,  it  goes  up  to  100  in.  and  more,  as  the  Himalayas  are  reached. 
*  '■  The  Irrigation  Works  of  India,"  p.  6. 
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Above  5  000  ft.  the  rainfall  decreases,  and  before  ascending  to  the  Mr.  Labeiie. 
top  of  the  mountains,  it  has  fallen  to  30  in.  It  is  seen,  therefore,  that, 
in  India,  there  is  always  enough  moisture  left  in  the  air  during  the 
western  monsoon,  from  which  India  obtains  most  of  its  rainfall,  to 
produce  copious  precipitation  when  the  air  currents  strike  the  cooler 
mountainous  regions. 

In  the  authors'  Table  2,  an  opportunity  is  given  to  test  these  laws 
relating  to  the  influence  of  elevation  on  rainfall.  A  perusal  of  this 
table  will  show  clearly  that  the  first  two  laws  mentioned  are  abundantly 
corroborated,  and  the  few  discordant  figures  found  therein  are  not 
sufficient  in  number  to  change  the  general  trend  of  the  table,  which 
shows  that,  for  the  type  of  storm  and  water-shed  under  consideration, 
the  rainfall  increases  with  the  altitude  to  about  5  000  ft.,  and  decreases 
for  higher  altitudes.  In  order  to  investigate  the  increase  per  100  ft., 
the  writer  has  prepared  Table  28  from  Table  2. 

Table  28  shows  the  increase  of  rainfall  between  the  lowest  eleva- 
tions and  each  successive  higher  elevation. 

TABLE  28. — Increase  of  Rainfall  per  IOO-Ft.  Rise  in  Altitude,  for 
Different  Heights. 


Basins. 

Elevation,  in  Feet. 

sa'-iooo 

1  000-2  000 

2  000-3  000 

3  000-4  000 

4  000-5  000 

Mean. 

Sacramento 

Feather 

Yuba  

Inches. 

0.04 

o;43 

1.95 
0.16 
2.22 
1.73 

0A5 

Inches. 
1.06 

6."62 

0.37 
0.52 

iios 
6!p3 

0.26 
0.06 

inches. 
0.75 
1.17 
0.94 
0.74 
0.50 
0.51 

b'M 

6;45 
6!84 

inches. 
0.62 
0.73 
0.56 
0.37 
0.50 
0.50 

6;3.5 
0.50 

inches. 

6!  63 
0.62 
0.37 
0.55 

6. "53 
0.53 

inches. 
0.62 
0.84 
0  54 

Bear 

American 

Mokelumne 

Calaveras 

Stanislaus 

Tuolumne 

0.49 
0.47 
0.87 
0.16 
2.22 
0.88 

Merced 

0.52 
0.45 

Stoney  Cr 

0.69 

Cache  Cr 

0  26 

Puta  Cr 

0.45 

Average 

1.00 

0.54 

0.77 

0.52 

0.54 

0.70 

Table  28  shows  that: 

1. — The  increase  of  rainfall  from  0  to  3  000  ft.  altitude  is  about 
0.8  in.  per  100-ft.  rise; 

2.— The  increase  of  rainfall  from  3  000  to  5  000  ft.  altitude  is 
about  0.5  in.  per  100-ft.  rise; 

3. — The  increase  of  rainfall  for  the  whole  area  is  about  0.7  in. 
per  100-ft.  rise; 

4. — The  discordance  between  increase  of  rainfall,  in  the  differ- 
ent sub-water-sheds,  decreases  with  the  elevation,  the 
increase  between  3  000  and  5  000  ft.  being  fairly  con- 
stant for  all  subdivisions  of  the  basin  under  consideration. 
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Mr.  Labeiie.        Returning  to  Table  2  :    If  the  drop  of  temperature  is  computed  for 
each  100-ft.  rise  of  altitude,  it  is  found  that: 

1. — The  temperature  drops  with  the  altitude,  in  varying  amounts 

per  100  ft.  (0.05°  to  0.46°). 
2. — The   quantity   of   decrease  of   temperature   per   100    ft.    in- 
creases with  the  altitude  to  about  2  500  ft.   and  is  then 
constant  to  5  000  ft. 
3. — The  mean  decrease  for  all  sub-water-sheds  is  as  follows  for 
each  successive  elevation: 
Elevation  above  sea,  in  feet.  .    750     1500    2  500     3  500    4  500    Mean. 

Average  temperature  drop  per 

100-ft.  rise 0.18°    0.17°     0.34°    0.33°     0.32°       0.27' 

Apart  from  the  fact  that  the  drop  in  temperature  produces  an 
increase  in  rainfall,  the  writer  cannot  see  any  more  intimate  relation 
between  the  given  figures  of  temperature  and  rainfall.  The  quantity 
of  precipitation  is  affected  by  other  factors  than  temperature,  and 
among  these,  topography  is,  no  doubt,  one  of  the  most  important. 

To  exemplify  this  influence  of  topography,  in  combination  with 
altitude,  on  the  amount  of  rainfall,  the  writer  will  give  as  an  ex- 
treme case,  the  rainfall  at  San  Antonio,  a  point  in  the  highlands  of 
Central  Luzon.  The  prevailing  winds  in  Luzon,  starting  from  the 
north  at  the  beginning  of  the  year,  make  a  complete  circle,  in  twelve 
months,  in  the  direction  of  the  hands  of  a  clock.  During  the  first 
half  of  the  year  the  prevailing  winds  blow  from  the  east  or  from  the 
Pacific  Ocean;  this  is  the  period  of  the  eastern  monsoon.  During 
the  second  half  of  the  year  the  prevailing  winds  are  from  the  west  or 
southwest,  or  from  the  China  Sea;  this  is  the  period  of  the  western 
monsoon.  Therefore,  the  highlands  of  Central  Luzon  receive  abundant 
rainfall  from  both  sides  of  the  island.  Starting  from  Manila  on  the 
west  coast  and  going  in  a  southeast  direction,  there  are  two  weather 
stations,  the  first  at  San  Antonio,  about  1  000  ft.  above  sea  level,  and 
the  second  at  Atimonan,  on  the  east  coast.  For  the  water  year  be- 
ginning July  12th,  1904,  the  rainfall  at  the  three  stations  was  as 
follows :  Manila,  96.5  in. ;  San  Antonio,  119.7  in. ;  and  Atimonan, 
96.7  in.  During  the  year  San  Antonio  received  23  in.  more  rainfall 
than  the  coast  stations,  or  at  the  rate  of  2.3  in.  per  100  ft.  rise  in 
altitude,  owing  to  its  location  being  exposed  to  both  monsoons.  11 
this  increase  is  attributed  equally  to  each  monsoon — and  the  condi- 
tions of  the  prevailing  winds  seem  to  warrant  this  assumption — there 
is  an  increase  of  11.5  in.  over  each  coast  station,  or  1.15  in.  per  100  ft. 
rise;  this  is  only  15%  more  than  the  average  for  the  same  elevation 
given  in  Table  28. 

From  the  foregoing  facts  it  is  seen  that,  according  to  conditions, 
rainfall  may  or  may  not  be  influenced  by  elevation,  and  that  this  in- 
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fluence,  depending  on  topography,  etc.,  may  vary  within  wide  limits.  Mr.  Labeile. 
This  question,  however,  cannot  be  settled  by  isolated  cases;  it  is  only 
by  using  long-time   rainfall   records   from   a   great   variety   of   water- 
sheds, and  by  subdividing  these  into  several  classes,  that  logical  con- 
clusions can  be  reached  respecting  this  matter. 

In  Table  21  the  authors  estimate  the  run-off  from  unmetered 
mountains  and  foot-hills  to  be  50%  of  the  precipitation.  Owing  to  the 
fact  that  the  period,  March  18th  to  21st,  was  preceded  by  heavy  rain- 
fall, and  that,  besides,  the  mountain  slopes  and  foot-hills  are  de- 
scribed in  the  paper  as  steep,  barren  and  impervious,  the  writer  be- 
lieves that  the  run-off  should  have  been  taken  at  about  80%  of  the 
rainfall,  but  no  doubt  there  were  good  and  substantial  reasons  for 
adopting  the  lower  figure. 

Luther  Wagoner,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  an  Mr.  Wagoner, 
extremely  valuable  contribution,  and  presents  the  main  facts  of  the 
flood  with  great  clearness.  The  opening  statement,  that  it  was  one  of 
the  most  destructive  floods  that  has  ever  occurred  in  California,  while 
probably  correct  in  a  financial  sense  (and  due  to  the  fact  that  there 
was  more  property  to  be  damaged  than  at  previous  floods),  implies  that 
it  was  about  the  greatest  flood  on  record.     The  authors  say: 

"It  is  doubtful  if  any  combination  of  causes  or  conditions  will 
ever  produce  a  larger  rate  of  delivery  of  water  to  this  valley  for  a 
4-day  period  than  occurred  during  the  flood  of  March,  1907." 

The  wrriter  believes  that  it  would  be  unsafe  to  accept  this  statement 
as  a  basis  for  planning  reclamation  and  flood  prevention,  unless  it  is 
qualified  by  a  large  factor  of  safety.  It  is  generally  believed  that  the 
flood  of  1862  was  greater  in  volume  of  water  discharged  into  the  basins 
and  bay.  In  1890  the  writer,  while  engaged  upon  plans  for  the  La 
Grange  Dam  on  the  Tuolumne  River,  found  a  well-preserved  record  of 
the  1862  flood  near  the  present  dam  and  70  ft.  above  the  bed  of  the 
stream.  The  record  was  in  the  shape  of  rounded  pieces  of  wood  and 
bark  of  fir,  pine,  tamarack,  and  juniper,  showing  that  these  pieces  came 
from  the  higher  regions.  They  were  found  in  a  talus  of  loose 
rock,  and  were  doubtless  carried  into  the  void  spaces  by  eddies  and 
lodged  there.  Almost  opposite,  and  across  the  river,  a  similar  deposit 
was  found,  and  at  almost  the  same  level.  This  led  to  a  search  along 
the  river  gorge  above,  where  several  similar  records  were  found.  Levels 
were  taken,  and  connected  with  several  cross-sections,  and  these,  com- 
bined with  the  known  high  water  at  La  Grange,  about  1  mile  below  the 
dam,  where  the  channel  is  wider  and  more  regular,  led  to  the  conclusion 
that  the  maximum  discharge  was  130  000  cu.  ft.  per  sec.  This  was 
based  on  the  slope  and  Kutter's  formula  (n  =  0.040),  and  the  dam  was 
planned  to  be  able  to  discharge  that  volume  over  it;  this  corresponds 
to  a  run-off  of  86.7  cu.  ft.  per  sec.  per  sq.  mile. 
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Mr.  Wagoner.  In  1895  the  Writer  found  a  similar  record  on  the  middle  fork  of  the 
American  River  near  Yolcanoville,  from  which,  by  the  same  methods, 
a  run-off  greater  than  100  cu.  ft.  per  sec.  per  sq.  mile  was  deduced. 
(The  original  notes  of  both  the  foregoing  records  were  destroyed  in  the 
San  Francisco  fire,  two  years  ago.)  Estimates  have  appeared  in  print 
in  which  the  flood  flow  was  given  for  the  whole  basin  of  the  American 
River  at  250  000  cu.  ft.  per  sec,  and  even  more.  The  record  given 
above,  applied  to  the  whole  water-shed  above  Fair  Oaks,  would  give  a 
discharge  of  about  double  the  authors'  93  000  cu.  ft.  per  sec. 

While  it  may  be  true  that  a  flow  of  782  000  cu.  ft.  per  sec.  for  4 
days  may  not  be  exceeded,  there  are  two  points  to  be  considered.  The 
flow  from  the  San  Joaquin  region  might  occur  as  in  1862,  and  in 
combination  with  a  1907  flood  on  the  Sacramento,  in  which  case  the 
quantity  would  be  greatly  exceeded.  Again,  suppose  the  rivers  were 
leveed  in  accordance  with  the  plans  of  the  Engineering  Commission 
of  1904,  it  would  not  require  a  4  days'  sustained  flood  to  overtop  the 
levees,  and  the  probabilities  are  always  in  favor  of  the  shorter  but 
perhaps  more  intense  run-off. 

There  is  an  average  difference  of  a  month  in  the  melting  of  the 
snow  upon  the  Columbia  and  Snake  water-sheds,  yet  in  1900  it  melted 
on  each  at  the  same  time,  with  the  result  of  backing  up  the  Willamette 
and  flooding  Portland  to  a  depth  of  several  feet.  This  flood  was  sus- 
tained for  more  than  two  weeks. 

The  writer  "concurs  in  the  conclusions  of  the  authors,  that  relief 
from  damage  by  floods  must  be  sought  in  storage  to  relieve  the  peak 
of  the  discharge.  Storage  of  debris  is  equally  important,  if  the  bed  of 
the  stream  and  navigation  interests  are  to  be  preserved,  and  future 
studies  should  be  upon  the  lines  of  efi'ecting  both  water  and  debris 
storage. 

It  is  the  writer's  belief  that  this  can  best  be  accomplished  by  loose- 
rock  dams,  backed  with  earth  and  waste  on  the  up-stream  face  and 
with  the  down-stream  face  secured  to  the  mass  by  suitable  anchors,  so 
as  to  allow  the  passage  of  floods  over  the  crest  of  the  unfinished  dam 
during  construction.  When  completed  there  would  be  an  ample  spill- 
way around  the  dam,  so  that  it  could  never  be  overtopped.  Such  dams 
would  have  to  be  of  great  height,  from  400  to  500  ft.,  or  even  greater, 
because  they  would  usually  be  located  in  gorges,  and  it  might  require 
from  300  to  400  ft.  of  permanent  elevation  to  create  a  sufficient  reser- 
voir area,  after  which  the  increase  of  storage  would  be  rapid.  The  only 
serious  objection  to  such  a  type  is  the  cost,  but  it  can  be  shown  that  in 
the  end  it  would  be  economical,  because  the  desired  regulation  could 
thus  be  obtained  (and,  incidentally,  the  storage  of  debris),  as  well  as 
power  and  irrigation. 

It  is  beginning  to  be  recognized  that  the  proper  treatment  of  this 
subject  is  a  serious  matter,  and  that  the  cost  may  reach  $100  000  000 
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or  more.  From  the  analysis  presented  in  the  paper,  it  appears  that  Mr.  vvaponer. 
there  should  be  a  storage  of  about  3  000  000  acre-f  t.  in  order  to  give  the 
required  relief  on  the  Sacramento  water-shed  alone.  Such  storage  could 
be  valued  as  follows:  (a)  Relief  of  peak  load  and  flood  prevention; 
(//)  storage  of  debris;  (c)  preservation  of  the  channel  of  the  river;  (d) 
irrigation;  and  (e)  power.  When  all  these  possible  uses  are  admitted 
and  properly  valued,  it  can  readily  be  seen  that  a  high  cost  per  acre- 
foot  of  storage  is  permissible. 

H.  H.  Wadsworth,  M.  Am.  See.  C.  E.  (by  letter) . — Although  dis-  Mr.  wads- 
astrous  to  the  agricultural  interests  of  so  large  an  area,  and  to  all  the  ^^""^  ' 
transportation  lines  of  the  valley,  in  some  respects  it  may  be  said  that 
this  flood  occurred  at  a  very  opportune  time.  The  reclamation  of  the 
overflowed  lands  of  the  Sacramento  and  San  Joaquin  Valley  has 
become  a  subject  of  vital  importance  to  the  future  development  of 
California,  and  the  newly-awakened  interest  in  the  improvement  of  the 
navigation  of  these  streams,  and  the  movement  toward  the  proper 
correlation  of  the  various  interests  affected  by  the  flow  of  the  streams, 
from  their  sources  in  the  mountains  to  their  discharge  through  the 
Golden  Gate,  make  the  new  standard  set  by  this  flood  of  great  im- 
portance. 

The  country  is  to  be  congratulated  that  the  Geological  Survey  had 
a  sufficient  number  of  gauging  stations  established  to  obtain  so  many 
data  in  regard  to  the  flood ;  and  the  authors  are  to  be  complimented  on 
having  presented  them  so  promptly  in  such  shape  as  to  be  of  practical 
use,  and  show  the  magnitude  of  the  problems  involved. 

A  press  of  work,  in  connection  with  surveys  looking  to  the  regula- 
tion and  improvement  of  these  rivers,  prevents  the  writer  from  discuss- 
ing at  this  time  more  than  one  or  two  of  several  points  or  questions 
which  have  occurred  to  him,  and  these  only  very  briefly. 

As  stated  by  the  authors,  previous  estimates  of  flood  flow  of  the 
Sacramento  River  have  been  greatly  exceeded  during  this  flood.  In 
the  case  of  the  Yuba  River,  the  maximum  flow  which  has  been  assumed 
since  the  inception  of  the  project  for  restraining  debris  in  the  bed  of 
the  stream,  and  which  was  used  in  designing  the  several  works  forming 
part  of  the  project,  is  125  000  cu.  ft.  per  sec,  or  25%  in  excess  of  the 
maximum  observed  flow  at  the  gauging  station  of  the  Geological  Sur- 
vey. Before  the  failure  of  the  dam,  known  as  "The  Barrier,"  this 
structure  served  as  a  weir  for  measuring  the  flow  of  the  river,  though 
its  coefficient  was  very  uncertain  after  it  became  backed  up  with  tail- 
ings to  its  crest.  The  high-water  marks  left  by  the  river  during  the 
night  when  the  failure  occurred  indicated  that  the  assumed  maximum 
was  nearly  if  not  quite  reached.  Based  on  observations  and  estimates 
of  flow  at  this  point  and  at  a  few  points  on  mountain  streams  carrying 
the  drainage  from  comparatively  small  areas,  Table  29  was  prepared  by 
the  writer  as  a  guide  in  determining  the  required  capacities  of  spill- 
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Mi.  Wads-  ways  or  canals  to  carry  flood  water  around  or  away  from  dams  erected 
for  the  storage  of  mining  tailings. 

TABLE  29. — Assumed  Maximum  Eux-off,   Sierra  Nevada  Streams, 
Based  ox  the  Flood  of  March,  1907. 


Maximum  Ron 

-OFF,  IN  Cubic 

1 

Maximum  Run 

OFF.  IN  Cubic 

Feet  peb 

Second. 

Drainage 

Feet  per 

Second. 

Drainage 

Akea,  in 
Sqcabe 
Miles. 

Areas  below 

Areas  above 

Square 
Miles. 

Areas  below 

Areas  above 

elevation 

elevation 

elevation 

elevation 

4  000  ft. 

4  000  ft. 

, 

4  000  ft. 

4  000  ft. 

1 

544 

408 

40 

8  650 

6  490 

2 

915 

686 

50 

10  200 

7  670 

3 

1  240 

930 

60 

11  700 

8  800 

4 

1  540 

1  150 

1           70 

13  200 

9  860 

5 

1  820 

1  360 

1           80 

14  500 

10  900 

6 

2  090 

1  560 

90 

15  900 

11  900 

7 

2  340 

1  760 

100 

17  200 

12  900 

8 

2  590 

1  940 

200 

28  900 

9 

2  830 

2  120 

300 

39  200 

10 

3  060 

2  290 

400 

48  700 

20 

5  140 

3  860 

500 

57  500 

30 

6  970 

5  230 

j         1000 

96  800 

Table  29  is  applicable  to  drainage  areas  of  the  character  of  the 
Bear  and  Yuba  Rivers,  and  of  such  portions  of  other  drainage  areas  as 
do  not  contain  broad  flat  valleys.  Of  course,  it  would  not  apply  to 
portions  of  the  Feather  River  drainage  area,  containing  the  Sierra, 
American  or  Indian  Valleys,  or  Big  Meadows. 

Considering  for  a  moment  the  effect  of  mining  debris  on  floods,  it 
should  be  borne  in  mind  that  only  on  the  Yuba  River  is  it  likely  that 
the  flood  plane  will  continue  to  rise  materially  owing  to  this  cause. 
The  beds  of  the  American,  Bear  and  Feather  Rivers  (Feather  above 
the  mouth  of  the  Yuba)  have  reached  as  near  a  state  of  equilibrium 
as  is  common  for  streams  flowing  through  alluvial  formations.  The 
curtailment  and  regulation  of  hydraulic  mining  has  largely  stopped 
the  accumulation  of  tailing-s  in  the  torrential  tributaries  of  the  Yuba, 
and  many  of  the  caiions  of  these  tributaries,  which  a  few  years  ago 
were  filled  with  tailings  to  a  depth  of  "from  20  to  60  ft.,  have  been 
scoured  out  to  bed-rock.  Below  the  gauging  station  of  the  Geological 
Survey,  at  The  Narrows  on  the  Yuba  River,  there  is  a  vast  deposit  of 
mining  tailings  standing  on  slopes  which  succeeding  floods  will  con- 
tinue to  readjust;  but  any  further  extensive  rise  of  the  flood  plane  at 
Marysville  does  not  seem  probable. 

In  connection  with  the  subject  of  partial  control  of  the  flood  flow  of 
the  Sacramento  River  by  reservoirs,  it  is  interesting  to  note  that  the 
total  capacity  of  five  flood  basins  of  the  Sacramento  Valley,  as  com- 
puted by  the  authors,  amounts  to  3  731  000  acre-f  t..  and  that  the  effect 
of  these  basins  was  to  delay  the  arrival  of  the  flood  crest  at  Rio  Vista 
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about  4  clays.     Had  there  been  levees  sufficient  to  confine  the  river  to  Mr.  Wads- 
the  channels,  how  much  liigher  stage  would  have  been  reached  at  this     "^'"^ 
point  ? 

Of  the  storage  reservoirs  located  and  surveyed  by  the  United  States 
Reclamation  Service,  the  total  estimated  capacity  is  4  817  000  acre-ft., 
or  about  1  000  000  acre-ft.  in  excess  of  that  of  all  the  Sacramento  Valley 
flood  basins.  The  latter  are  much  more  likely  to  be  empty,  or  at  least 
to  have  considerable  capacity  for  the  storage  of  flood  waters  when  a 
flood  occurs,  than  are  the  former,  since,  owing  to  the  uncertainty  of 
further  large  run-off  before  the  dry  season,  it  would  jeopardize  the 
agricultural  interests  dependent  upon  irrigation  to  leave  these  reser- 
voirs nearly  empty  until  after  the  middle  of  March.  The  worst  flood 
of  the  season  is  likely  to  occur  after  that  time,  as  was  the  case  with  the 
flood  of  1907.  On  the  other  hand,  no  flood  may  occur,  as  has  been  the 
case  during  the  season  of  1908. 

In  whatever  way  the  control  of  ordinary  floods  may  be  effected,  it 
will  very  likely  be  found  that : 

"The  task  of  rectification  and  enlargement  of  channel  necessary 
to  pass  such  floods  as  that  of  March,  1907,  is  so  great  as  to  make  it 
economically  impossible.'' 

George  L.  Dillmax,  M.  Am.  See.  C.  E.  (by  letter) . — The  conclu-  Mr.  DiUman. 
sion  expressed  in  this  paper  is  that  mountain  storage  will  be  the  ulti- 
mate solution  of  the  flood  problem  of  the  Sacramento  Valley.  With 
this,  the  writer  would  take  issue.  He  here  states  that  the  storage  out- 
lined is  impracticable;  also,  that,  if  accomplished,  it  would  prove 
inefficient,  insufficient,  precarious,  and  temporary.  These  hard  names 
do  not  all  apply  to  each  case,  but  some  of  them  apply  to  each  case, 
and  all  to  a  few  of  them. 

The  reservoirs  mentioned,  except  Big  Meadows  and  Clear  Lake 
(which  will  be  built  by  private  corporations  for  power  purposes), 
should  never  be  built  for  flood  regulation.  The  reasons  are  various. 
Some  of  these  reservoirs  are  located  where  their  water  capacity  would 
diminish  rapidly  by  filling  with  debris,  ultimately  reaching  zero.  This 
applies  specially  to  the  Stony  and  Putah  Creek  Reservoirs,  and  also 
to  Iron  Canon. 

Some  of  these  proposed  reservoirs  would  flood  lands  which  are  too 
valuable  to  buy  for  such  purposes.  This  is  specially  true  of  Indian 
Valley,  where  the  lands  which  would  be  flooded  are  the  finest  kind  of 
dairy  lands,  and  include  three  small  towns,  with  improvements  which 
would  make  the  cost  gi-eat.  From  an  irrigation  standpoint,  this 
storage  is  not  needed,  and  would  destroy  more  agricultural  land  than 
it  would  reclaim,  less  the  cost  of  reclamation. 

The  Big  Valley  Reservoir — two-thirds  of  all  the  storage  proposed — 
would  be  fed  by  an  arid  country.  Ko  doubt,  its  capacity  compared 
with  its  cost  is  quite  favorable,  but  some  water  should  be  allowed  to 
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Mr.  Diiiinau.  pass  to  users  between  Bieber  and  Fall  River.  The  evaporation  would 
be  large,  and  it  would  probably  take  several  years  to  fill  it.  The 
authors'  figures  show  that  the  4  days'  abnormal  flood  would  fill  6%  of 
it,  if  all  was  stored.  During  part  of  every  year,  the  inflow  would  not 
equal  the  evaporation. 

There  is  no  reason,  from  an  irrigation  standpoint,  for  making  the 
Feather  River  storages.  Feather  River  is  not  much  used  for  irriga- 
tion, by  reason  of  expensive  diversion.  At  low  stages  there  is  water 
without  storage  for  any  who  will  divert  it;  and  there  are  no  adverse 
claimants  for  it. 

These  storages  are  precarious.  The  high-water  mark  for  years  on 
the  East  Branch  of  the  Feather  was  made  by  the  failure  of  a  small 
dam  above  Indian  Valley.  The  flood  of  1907  caused  the  failure  of  a 
dam  on  the  Yuba,  when  the  waters  flooded  large  areas,  some  going 
south  and  breaking  across  Bear  River,  finally  reaching  American 
Basin.  The  possible  damage  by  the  failure  of  a  reservoir  dam  on  top 
of  a  flood  can  hardly  be  estimated. 

The  paper  assumes  the  removal  of  water  from  the  crest  of  a  flood. 
This  would  hardly  be  the  fact.  This  flood's  crest  came  after  weeks  of 
flood,  and  it  is  fully  supposable  that  the  reservoirs  would  have  been 
filled  and  held  full  long  before  the  time  had  arrived  for  such  bene- 
ficial effects.  The  location  of  these  reservoirs  averages  more  than  100 
miles  from  the  seat  of  damage.  What  man  is  wise  enough,  during  a 
period  of  such  storm  and  flood,  to  say  when  the  psychological  moment 
arrives  for  closing  gates  and  making  storage? 

Taking  from  Table  27  the  volume  available  for  storage,  or  the 
capacity  of  the  reservoirs,  the  total  storage  for  this  flood  would  have 
been  931 300  acre-ft.  The  side  basin  capacity  is  given  as  3  775  000 
acre-ft.,  or  more  than  four  times  the  mountain  storage.  This  basin 
storage,  like  the  mountain  storage,  would  be  largely  made  prior  to  the 
crest  of  the  flood,  but  there  is  another  factor.  At  about  the  time  when 
the  crest  of  a  flood  occurs,  side  levees  break.  In  1904,  the  Edwards 
break,  on  the  east  bank  of  the  Sacramento,  and  in  1907,  the  Kripp 
break,  on  the  west  bank,  gave  great  relief,  as  far  as  flood  heights  on 
the  lower  river  go.  The  first  poured  into  the  Sacramento  Basin  and 
discharged  into  the  San  Joaquin  through  the  Mokelumne.  The  second 
poured  into  the  Yolo  Basin  and  discharged  into  the  Sacramento 
through  Cache  Slough.  These  side  basins  are  not  only  storage  reser- 
voirs, but  are  great  by-passes,  through  which  flows  a  volume  sometimes 
greater  than  that  of  the  main  stream.  At  flood  times  Yolo  Basin  is  a 
stream  10  miles  wide,  flowing  rapidly.  The  basin  relief  is  from  flow 
more  than  storage.  It  is  at  hand,  and  acts  automatically  at  the  right 
time. 

Years  ago,  an  avalanche  of  debris  from  hydraulic  mining  started 
toward  the  valley.    Mining  has  stopped,  but  the  debris  is  still  coming. 
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Diversion  of  waters,  whether  natural  or  assisted,  lessens  the  current,  Mr.  Diiiman. 
increases  deposits  of  debris,  and  raises  the  beds  of  streams.     This  silt 
problem  cannot  be  divorced  from  the  flood  problem.     As  a  rule,  the 
stream  beds  are  rising,  so  that  the  same  volume  of  water  reaches  a 
height  increasing  with  time. 

From  all  the  foregoing  it  would  seem  that  mountain  storage  is  not 
advisable  for  flood  control.  The  valley  problem  is  a  complicated  one, 
including  the  protection  of  lands,  the  navigation  of  streams,  the  drain- 
age of  flood  water,  and  the  care  of  the  debris.  Different  solutions 
have  been  proposed. 

The  State  Board  of  Works,  about  1890,  proposed  an  elaborate  sys- 
tem of  by-passes  through  the  valley.  This  never  met  general  approval. 
Such  an  installation  would  increase  silt  deposit  in  the  streams,  raise 
the  flood  and  ground-water  planes,  and  increase  the  area  affected  by 
floods.  The  ultimate  effects  would  be  detrimental  to  agriculture,  navi- 
gation, and  flood  conditions. 

In  1905,  a  Board  of  Engineers  recommended  a  plan  based  on  con- 
centration, instead  of  diversion,  of  waters.  The  plan  met  general  ap- 
proval as  to  method.  The  cost,  however,  was  great,  though  the 
agricultural  land  reclaimed  would  have  been  worth  several  times  the 
outlay.  The  interests  are  so  many  and  so  divided,  each  wanting  to 
benefit  out  of  proportion  to  the  outlay,  that  no  action  has  resulted. 

It  seemed  once  that  the  debris  problem  might  be  divorced  from  the 
others  by  a  series  of  debris  barrier  dams.  The  failure  of  the  first  one, 
on  the  Yuba,  settled  it  otherwise. 

The  mountain  storage  solution  has  been  brought  up  from  time  to 
time,  but  has  never  stood  close  analysis.  To  obviate  the  floods  by  pre- 
venting them,  sounds  all  right  until  the  illusion  is  dispelled  by  the 
cost,  and  the  amount  of  storage  is  compared  with  the  flood  volume.  The 
valley  must  take  care  of  the  floods.  They  will  come.  Mountain  stor- 
age increases  the  risk,  with  very  small  compensation  in  possible  re- 
sults. 

A  rational  solution  lies  in  adequate  waterways,  made  and  main- 
tained by  a  combination  of  dredging  and  levees.  If  plans  to  this  end 
could  be  adopted,  and  all  future  work  be  obliged  to  conform  to  them, 
the  end  would  be  reached  in  time,  without  enormous  initial  outlay. 
As  the  plan  was  executed,  cross  and  other  auxiliary  levees  could  be 
gradually  abandoned  as  they  became  useless.  River  levees  could  be 
strengthened  annually  by  dredging,  as  reclamation  decreased  the  basin 
effect  on  floods.  The  levees  would  protect  agriculture  and  confine  the 
waters.  Dredging  would  lessen  the  necessary  height  of  levees,  furnish 
material  for  them,  and  assist  in  the  debris  problem.  The  necessary 
height  of  levees,  and  the  depths  and  widths  of  channels  are  the  main 
questions.  Rectification  of  alignment  and  foundations  are  important 
auxiliaries.     As  far  as  the  Sacramento  is  concerned,  debris  has  largely 
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Mr.  Diliman.  solved  the  foundation  problem.  The  unstable  peat  bogs  have  been 
silted  up,  and  now  sustain  enormous  levees  on  Grand  Island  and  else- 
where. The  San  Joaquin  foundations  are  more  serious  problems,  be- 
cause the  silt  is  deposited  long  before  the  waters  reach  the  delta. 

Mr.  Duryea.  Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E.  (by  letter). — Messrs.  Clapp, 
Murphy,  and  Martin  are  to  be  congratulated  on  their  valuable  paper, 
and  especially  is  Mr.  Clapp  to  be  commended  for  so  promptly  seizing 
the  opportunity  to  measure  these  floods.  The  modifications  necessary 
in  his  field  arrangements  in  order  to  enable  him  to  cover  so  fully,  be- 
fore it  was  too  late,  the  many  streams  observed,  must  have  required 
very  energetic  and  quick  action  on  his  part.  The  authors  should  be 
thanked  also  for  their  prompt  presentation  of  the  valuable  information 
secured,  which  would  not  have  appeared  until  at  least  a  year  later  if 
it  had  been  reserved  for  the  Government  publications;  and  even  then 
probably  it  would  not  have  been  in  such  complete  form  as  in  this 
paper,  and  with  such  practical  conclusions  as  are  shown  in  Table  24 
and  in  Fig.  2. 

Discussions  of  papers  generally  take  the  form  of  criticisms  of  the 
authors'  statements,  but  the  writer  has  only  one  criticism  to  make  on 
this  paper,  and  that  so  unimportant  and  so  little  related  to  the  subject 
of  the  paper  that  the  only  excuse  for  giving  it  is  that  otherwise  a  mis- 
statement might  appear  uncorrected  in  the  Transactions.  The  authors 
state  that  "the  warm  Japanese  ocean  currents,  which  bathe  about 
1  000  miles  of  the  coast  line,  serve  to  equalize  the  temperature"  of 
California.  From  recollections  of  a  conversation  with  Professor  Alex- 
ander G.  McAdie,  of  the  United  States  Weather  Bureau,  about  five 
years  ago,  the  writer  doubted  the  correctness  of  this  statement;  and, 
on  inquiry  of  Professor  McAdie,  received  the  following  reply: 

"You  are  quite  right  in  your  criticism  of  the  statement  made,  that 
'the  warm  Japanese  ocean  currents,  which  bathe  about  1  000  miles  of 
coast  line,  serve  to  equalize  the  temperature.'  It  is  not  even  known 
that  there  is  any  such  current  on  the  Pacific  Coast.  In  fact,  the 
record  of  drift  of  wrecks  shows  that,  for  the  most  part,  they  drift 
northward,  which  would  be  exactly  opposite  to  the  assumed  direction 
of  the  so-called  Japanese  Current.  Very  little  is  known  of  the  cur- 
rent, even  on  the  Japanese  side,  which  is  the  only  place  where  it  is  at 
all  marked.  So  far  as  affecting  the  climate  of  California,  the  in- 
fluence of  the  Japan  Current  is  'nil.'  There  are  other  and  sufficient 
reasons  why  the  western  coasts  of  continents  are  warmer  than  the 
eastern  coasts.  Please  see  Bulletin  L  'Climatology  of  California'  page 
7,  for  the  great  factors  controlling  Pacific  Coast  climate." 

On  page  7  of  the  "Climatology  of  California"  (also  written  by  Pro- 
fessor ]\[cAdie),  it  is  stated  as  follows: 

"The  climate  of  California  may  be  said  to  be  controlled  by  four 
great  factors.     These  are: 

"1.  The  movements  of  the  great  continental  and  oceanic  press- 
Tire    areas — the    so-called    permanent    'highs'    and    'lows'. 
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'*2.  The   prcviiiliiig  drift   of  the  atmosphere  in   temperate  lati-  Mr.  Duryea. 
tildes  from  west  to  east; 

"3.  The  proximity  of  the  Pacific  Ocean  with  a  mean  annual 
temperature  near  the  coast  line  of  about  13°  C.  (55°  F.), 
a  great  natural  conservator  of  heat,  and  to  which  is 
chiefly  due  the  moderate  range  of  temperature  along  the 
coast  from  San  Diego  even  to  Tatoosh  Island;  and 

"4.  The  exceedingly  diversified  topography  of  the  country  for  a 
distance  of  200  miles  from  the  coast  inland." 

Again,  on  p.  15  of  "Climatology": 

"The  active  factors  (in  modifying  the  climate  of  the  Pacific  Coast) 
are  the  prevailing  easterly  drift  of  the  atmosphere  and  the  proximity 
of  the  mass  of  water,  a  great  natural  conservator  of  heat.  *  *  ^ 
Too  much  emphasis  can  not  he  laid  upon  the  effect  of  these  two  factors, 
the  easterly  drift  of  the  air  and  the  proximity  of  the  ocean  in  modify- 
ing climate.  It  is  probable  that  if  *  *  ^  the  general  movement  of 
the  air  in  these  latitudes  (were)  from  east  to  west  *  *  *  the 
Pacific  Coast  might  then  have  a  rigorous  climate." 

The  subject  matter  of  the  paper  necessarily  does  not  admit  of  much 
closely  related  discussion,  as  the  only  aim  is  the  presentation  of  new 
data,  bearing  especially  on  the  design  of  projects  for  flood  control. 

The  necessity  for  the  control  of  floods  in  the  Sacramento  and  San 
Joaquin  Rivers  arises  from  the  great  losses  to  the  ranches,  leveed 
islands,  cities,  and  railroads  along  the  lower  rivers,  caused  annually  or 
nearly  so  by  flood  overflows ;  and  from  their  injury  to  the  navigable 
channels  of  the  rivers.  The  uninterrupted  navigation  of  these  two 
rivers  is  very  desirable,  but  the  prevention  of  the  frequent  large  prop- 
erty losses  on  the  bottom-lands  seems  much  the  more  important  phase 
of  the  situation. 

The  great  importance  of  the  information  collected  and  presented 
by  the  authors  is  best  seen  by  a  percentage  comparison  of  the  quanti- 
ties given  in  Table  24,  as  shown  in  Table  30. 

TABLE  30. — Maximum   Rates  of  Flood  Flow,   Sacramexto  River. 


Below  mouth  of: 

Assumed  by  1904 

Engineering  Commission. 

Cubic  feet  per  second. 

Computed  from 

flood  of  March,  1907. 

Cubic  feet  per  second. 

Stony  Creek 

180  000  -  100"o 

261  000  —  145"() 

Feather  River.                 

190  000  =  lCO"b 
230  000  =  100% 
250  000  =  10396 

466  000  —  245"i, 

American  River 

559  000  —  243% 

Cache  Slough 

640  000  —  256% 

The  computed  values  of  the  flood  of  1907,  therefore,  are  about 
two  and  one-half  times  as  great,  below  the  mouth  of  Feather  River, 
as  the  values  assumed  as  maximum  rates  by  an  able  Engineering  Com- 
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Mr.  Duryea.  mission  after  the  floods  of  1904;  and  the  importance  of  the  1907  rates, 
as  governing  the  design  of  any  engineering  project  to  control  the 
floods,  is  self-evident. 

While  the  flood  of  March,  1907,  is  spoken  of  by  the  authors  as  the 
highest  ever  known  in  the  Sacramento  River,  and  is  presumably  the 
highest  ever  measured,  there  seem  to  be  several  reasons  why  it  is 
imprudent  to  accept  this  view,  at  least  to  the  extent  of  adopting 
th*  "computed"  rates  of  Tables  30  and  24,  unmodified,  as  a  guide  to 
the  design  of  controlling  works.  In  the  first  place,  the  authors  state : 
"In  all  cases  it  is  believed  that  the  estimates  are  quite  conservative, 
and  rather  inclined  to  be  too  low  than  too  high";  hence,  in  adopting 
safe  rates  for  this  flood,  it  would  be  necessary  to  increase  the  "com- 
puted" values  somewhat.  Next,  it  is  far  from  certain  that  the  flood 
of  March,  1907,  has  never  been  exceeded.  The  earliest  flood  measure- 
ments of  the  Sacramento  and  other  Sierra  streams  known  to  the 
writer  are  those  made  by  William  Hammond  Hall,  M.  Am.  Soc.  C.  E., 
State  Engineer,  in  1879,  and  there  seems  to  be  no  deflnite  knowledge 
of  their  flood  conditions  before  that  time.  Even  since  1879,  the  flood 
records  are  not  complete,  no  measurements  having  been  taken  during 
the  ten  years  from  1885  to  1894,  inclusive.  Therefore,  the  only  definite 
knowledge  of  Sierra  floods  generally  available  is  for  the  six  years  from 
1879  to  1884,  and  the  thirteen  years  from  1895  to  1907,  during  which 
periods  the  Sacramento  and  some  of  the  other  Sierra  rivers  were 
measured. 

The  beds  of  Sierra  rivers  have  been  rising  for  many  years  past, 
however,  and  great  floods  in  the  earlier,  years  must  have  caused  much 
less  damage  than  equal  floods  at  present.  Hydraulic  mining,  in 
progress  from  about  1852  to  1880,  lodged  immense  volumes  of  debris 
in  the  iipper  portions  of  the  rivers,  and  this  debris  still  continues  to 
be  washed  down  by  the  annual  floods  into  the  lower  portions.  It  has 
been  stated:* 

"The  low-water  plane  of  the  Yuba  River  at  Marysville  was  raised 
15  ft.  between  the  years  1849  and  1881.  *  *  *  The  depth  of  fill 
(debris)  varies  (1905)  from  about  71  ft.  at  Marysville  to  26  ft.  at. 
Daguerre  Point  and  84  ft.  at  Smartsville.  A  short  distance  east  from 
Marysville  the  bed  of  the  river  (Yuba)  is  now  13  ft.  above  the  level 
of  the  surrounding  farms.  It  is  plain  that  any  accident  to  the  levees 
near  Marysville  would  mean  a  disaster  to  the  town. 

"The  quantity  of  material  lodged  in  the  river  due  to  mining  has 
been  variously  estimated  at  from  71  000  000  to  700  000  000  cu.  yd.,  but 
it  seems  safe  to  say  that  there  are  now  (1905)  upwards  of  333  000  000 
cu.  yd.  in  the  bed  of  the  lower  Yuba.     *     *     * 

"Surveys  recently  made  indicate  that  between  1899  and  1904  an 
addition  of  more  than  15  000  000  cu.  yd.  (of  debris)  was  lodged  in  the 
bed  of  the  Yuba  River  from  these  old  (and  higher  up)  deposits.  *  *  * 

*  '"The  Control  of  Hydraulic  Mining  in  California  by  the  Federal  Government."  by 
William  W.  Harts.  M.  Am.  Soc.  C.  E..  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVIT.  pp.  10  and  11. 
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"The    Feather,    the    American,    Cosumnes,    Calaveras,   Mokelumne  Mr.  Duryea. 
and  other  trilnitaries  of  the  Sacramento  arc  all,  in  greater  or  less  de- 
gree, affected  in  the  same  way. 

"The  Sacramento  River  itself  shows  unmistakable  signs  of  con- 
siderable till,  largely  due  to  mining  detritus.  Sjnce  1849  the  low- 
water  plane  at  Sacramento  has  been  raised  about  7i  ft.,  causing  a  re- 
duced carrying  capacity  for  its  flood  waters,  and  requiring  property 
owners  to  build  levees  to  protect  themselves  from  floods.  The  avail- 
able depth  for  navigation,  however,  has  remained  about  the  same.  The 
quantity  of  debris  in  the  river  (Sacramento)  is  estimated  at  108  000  000 
cu.  yd."* 

It  is  evident,  therefore,  that,  even  if  a  larger  flood  than  that  of 
March,  1907,  occurred  previous  to  1879,  the  less  obstructed  stream 
channels  of  that  early  period  would  have  passed  the  flood  with  less 
overflow  than  now;  and,  because  of  the  smaller  property  values  then 
subject  to  damage  from  overflows,  even  an  equal  overflow  would  have 
caused  less  damage;  and  a  greater  flood  rate  than  that  of  March,  1907, 
may  have  occurred,  even  between  1849  and  1879,  without  its  being 
noted  or  remembered. 

For  the  reasons  mentioned,  it  seems  far  from  certain  that  the  flood 
of  March,  1907,  has  not  been  exceeded  by  any  other,  even  since  1849 ; 
and,  in  fixing  maximum  flood  rates  to  serve  as  guides  in  studying 
projects  for  the  flood  control  of  the  Sacramento  River,  it  seems  neces- 
sary to  increase  somewhat  the  "computed"  values  of  the  flood  of  March, 
1907.  The  amount  of  such  increase  cannot  be  logically  fixed  without 
much  more  study,  if  at  all;  but  it  seems  that  at  least  15%  should  be 
added  tentatively,  making  the  flood  rates  controlling  such  projects  at 
least  as  great  as  shown  in  Table  31. 

TABLE  31. — Assumed  Maximum  Rates  of  Flood  Flow,  Sacramento 

River. 


Below  mouth  of: 

Assumed  by  1904 

Engineering  Commission. 

Cubic  feet  per  second. 

115%  of  rates  computed 

from  flood  of  March,  1907. 

Cubic  feet  per  second. 

Stony  Creek 

160  000  =  100% 
190  000  =  100% 
230  000  =  100% 
250  000  =  100% 

300  000  —  167% 

Featner  River 

536  000  =  282% 
643  000  ^  280% 
736  000  =  294% 

American  River 

Cache  Slough 

Hence  it  seems  not  unreasonable  to  expect  that  any  controlling 
works  contemplated  may  have  to  deal  with  maximum  flood  rates  more 
than  two  and  three-quarters  times  as  great  as  those  assumed  by  the 
Engineering  Commission  of  1904.  These  greater  floods,  combined 
with  the  steadily  rising  river-bed,  may  show  the  whole  project  of  flood 
control  as  outlined  in  1904  to   be  undesirable,  and  may  necessitate 

*About  in  1892— from  an  Exec.  Doc.  of  51st  Congress. 
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Mr.  Duryea.  radically  different  methods  of  control.     Hence,  the  great  value  of  the 
new  flood  information  is  evident. 

As  interesting  comparisons  ^vith  the  flood  measurements  in  the 
paper,  the  writer  gives  measurements  of  the  same  flood  as  taken  under 
his  direction  at  points  higher  up  on  the  Cosumnes  and  the  American 
Rivers.  Table  32  shows,  in  cubic  feet  per  second  per  square  mile,  the 
stream  flow  as  measured  under  Mr.  Clapp's  direction  at  Michigan  Bar 
and  as  measured  at  Buck's  Bar,  27^  miles  farther  up  stream.  Table 
32  shows  that  the  flood  rates  per  square  mile  were  much  greater  at  the 
upper  than  at  the  lower  station,  averaging  more  than  twice  as  great 
for  the  five  days,  March  18th  to  22d,  with  daily  means  from  138% 
to  414%  of  the  lower  station.  The  greater  intensity  of  the  stream  flow 
at  the  upper  station  was  due  to  the  heavier  average  rainfall  above  it» 
and  to  the  upper  area  being  high  enough  to  have  considerable  snow, 
but  yet  not  high  enough  to  prevent  it  from  melting  easily.  Reference 
to  Table  32  shows  more  fully  the  comparative  flood  flows. 

TABLE  32. — Storm  Flow  of  Cosu3ines  River,  per  Square  Mile 
OF  Drainage  Area,  for  High  Sierra  and  Total  Areas. 


1907. 


At  Michigan  Bar. 

Elevation.  Michigan  Bar 

=  300  ft.  (about). 

Area  =  524  sq.  miles. 


At  Buck's  Bar.  27i^ 

miles,  along  river, 

above  Michigan  Bar. 

Elevation,  Buck's  Bar 

=  1  GO(J  ft.* 
Area  =  157.9  sq.  miles. 


March  18th 

19th 

•20th 

21st 

22d    

Mean 

February 

ilarch.. ' 

March  18th-21st. 

February 

March 

March  18th-21st 

Maximum  rate. , 


Cubic  feet 

Cubic  feet 

per  second. 

per  second. 

14.50  =  lOCo 

47.06  =  32506 

t62.20  =     " 

t86.10  =  1380(, 

17.75  =     " 

41.82  =  236«"o 

7.44=     " 

30.75  =  4140b 

6.30=     " 

23.66  =  3760,0 

21.64  =  lOOo;, 
Unknown. 

+25.47  =  10006 


45.88  =  212% 

7.20 
13.67 
i51.25  =  302% 


Unknown. 

202.2  =  100"  y 


399.0 
842.5 
406.2  =  : 


Unknown. 


§107.0,  March  19th,  7-11  a.m. 


*  The  Buck's  Bar  catchment  area  reaches  an  elevation  of  7  800  ft.;  it  includes  no  region 
of  perpetual  snow. 

+  .Maximum  average  daily  rate,  both  for  flood  and  year. 
i  Maximum  average  4-day  rate,  both  for  flood  and  year. 
S  Absolute  maximum  rate,  both  for  flood  and  year. 


Table  33  shows  the  comparative  stream  flows  per  square  mile  dur- 
ing the  flood  of  March,  1907,  at  Fair  Oaks,  on  the  American  River 
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below  the  junetioii  uf  the  North,  Middle,  and  South  Forks,  and  at  Mr.  Duiyea. 
Slippery  Ford,  on  the  South  Fork  and  69  miles  up  stream  from  Fair 
Oaks,  It  is  seen  that  the  flood  rates  per  square  mile  were  much  less 
at  the  upper  than  at  tlie  lower  stations,  less  than  half  as  great  during 
the  whole  11-day  flood  period,  with  daily  means  varying  from  16  to 
87%  of  the  flood  rates  at  the  lower  station.  The  smaller  rate  at  the 
upper  station  was  due  to  its  tributary  area  being  all  abo^e  3  900  ft. 
elevation  and  reaching  to  above  10  000  ft.,  with  most  of  its  heavy  snow- 
fall remaining  unmelted  throughout  March.     The  year's  stream  flow 

TABLE  33. — Storm  Flow  of  American  River,  per  Square  Mile 
OF  Drainage  Area,  for  High  Sierra  and  Total  Areas. 


1907. 

At  Fair  Oaks. 

Elevation,  Fair  Oaks  =  about  80  ft. 

Area  =  1  910  sq.  miles. 

At  Shppery  Ford. 

69  miles  along  River, 

above  Fair  Oaks. 

Elevation,  Slippery 

Ford  =  3  900  ft. 

Area  =  195.8  sq.  miles. 

March  16th 

Cubic  feet 

per  second. 

3.56  =  100",, 
17.28  =      " 
33.10=      " 
*48.70  =      " 
40.35  =      " 
34.06  =      " 
28.29=     " 
17. .50  =      *' 
16.92  =      '• 
14.88  -      " 

Cubic  feet 
per  second. 
2.58  -  73",', 

17th 

7.93  -  46",, 

18th 

28.67  -  87",, 

19th 

*30.07  -  620 „ 

20th 

19.03  -  47"o 

21st    

8.78  -  26"'o 

22d 

23d 

8.20  =  2906 
2.91  -  170o 

24th 

2.66  -  1606 

25th 

4.16  -  2806 

26th 

13.10=      " 

4.20  =  32o„ 

24.34  =  100"o 

7.43  =  100"„ 
12.15=      " 
t39.05  =      •' 

10.83  -  441^",, 

Februarv  

2.58  -  35"6 

March 

5.23  —  4.30u 

March  18th-21st 

t21.63  —  55o„ 

February 

413.0  =  lOOOo 
731.0=      " 
311.0=      " 

143.7  -  35')c, 

March 

321.5  -  430u 

March  18th-21st 

171.5  -  55% 

Maximum  rate 

Unknown. 

t.32.6  March  19th. 

4.30  p.  M. 

*  Maximum  average  dally  rate,  both  for  flood  and  year. 
t  Maximum  average  4-day  rate,  both  for  flood  and  year. 
t  Absolute  maximum  rate,  both  for  flood  and  year. 


measurements  at  Slippery  Ford  show  that,  although  the  highest  rate 
of  run-off  occurred  in  March,  the  two  months  of  greatest  stream  flow 
were  not  until  May  and  June,  when  the  higher  snows  melted. 

The  paper,  and  the  writer's  discussion,  so  far,  deal  with  the  flood 
of  March,  1907,  only  as  it  may  affect  projects  for  the  flood  control  of 
the  Sacramento  Kiver.    The  flood-rate  data  of  the  paper  have,  however. 
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-Mr.  Duryea.  a  much  more  general  practical  application,  in  their  bearing  on  the 
proper  spillway  capacities  to  be  provided  for  dams  in  such  Sierra 
areas. 

From  Table  22  and  other  data  in  the  paper,  the  greatest  rates  of 
stream  flow  from  the  flood  of  March,  1907,  were  as  shown  in  Table  34. 

TABLE  34. — Rate  of  Greatest  Flow,  ix  Cl'bic  Feet  per  Secoxd,  per 

Square  Hile. 


Catchment 
area  above 

gauging  station. 

in  square  miles. 

Flow,  ix  Cubic  Feet  per 
Second,  per  Square  Mile. 

Percentage 

Stream. 

Average  for 

maximum 

day. 

Maximum  rate 
reached  on 
same  day. 

of  maximum 
to  average. 

McCloud  River           

608 

9300 

9  300 

3640 

1220 

263 

1910 

524 

395 

935 

50.0 
20.7 

*18.9 
35.6 
82.0 

106.5 
48.7 
62.2 
66.2 
58.1 

■■22;6' 

t24.1 

50.8 

i(S5.3) 

^("54 .01 

Upper  Sacramento  River 

Upper  Sacramento  River 

106 

127^ 

143 

104 

Bear  River 

iii" 

Cosunines  River 

Calaveras  River 

Stanislaus  River 

*  Deduced  by  writer,  as  hereafter  explained. 

+  Occurred  February  16ih.  1907:  see  note  to  Table  7. 

t  Approximated  by  writer  from  maximum  gauge  heights  stated. 

From  Tables  32  and  33,  the  relations  between  the  maximum  flood 
rate  and  the  average  rate  of  the  maximum  day's  flow,  as  measured  at 
two  stations  higher  up  on  the  Cosumnes  and  the  American  Rivers, 
were  as  shown  in  Table  35. 

TABLE    35. 


Catchment  area  ] 
above  gauging 

station,  in 
square  miles. 


I  Flow,  in  Cubic  Feet  per  Second. 
PER  Square  Mile.  I 


Average  for 
maximum  day. 


Maximum  rate 
reached. 


Percentage 

of  maximum 

to  average. 


Cosumnes  River 

157.9 
195.8 

86.10 
30.07 

*107.0 
32.6 

124 

American      ••      

108^ 

*  This  rate  continued  for  4  hours. 

Table  34  is  very  incomplete  as  to  the  maximum  rate  reached,  and 
hence  it  may  reasonably  be  feared  that  for  the  rivers  unobserved  both 
the  maximum  rate  reached  and  the  percentage  of  maximum  to  average 
may  have  exceeded  the  values  for  the  observed  rivers.  Tables  34  and 
35  show  that  during  the  floods  of  March  and  February,  1907,  con- 
trolling flood  rates  occurred  from  these  Sierra  areas  equaling  or  ex- 
ceeding the  figures  given  in  Table  36. 
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TABLE   36. — Maximum    Kates   Known    to    Have   Occurred   During  >ir.  ouryea. 
SiKRKA    Floods  ov  Mah*  ii.   1*J()7. 


Area  furnisbin^  flood,  in  square  Maximum  flood  rates  observed,  in  cubic  feet  per 


miles 


second,  per  square  mile. 


More  than  107 

1230  About    85 

1  910  About    54 

8  640  Almost   51 

9300  *24 


*  Occurred  February  16th,  only  22  cu.  ft.  per  sec.  in  March. 

From  Table  34  it  is  seen  that  even  the  large  area  of  3  640  sq.  miles 
furnished  a  maximum  observed  flood  rate  which  was  143%  of  the 
average  rate  for  the  day  it  occurred.  Table  35  shows  the  correspond- 
ing relation  from  an  area  of  158  sq.  miles  to  have  been  124% ;  and  in 
February,  1903,  a  flood  on  the  Coyote  River,  in  the  Mt.  Hamilton 
portion  of  the  Coast  Range  Mountains,  from  194  sq.  miles,  gave  a 
maximum  rate  of  18  000  cu.  ft.  per  sec,  with  an  average  rate  for  the 
same  day  of  12  000  cu.  ft.  per  sec,  or  a  maximum  rate  which  was  150% 
of  the  daily  rate.  It  is  also  seen  that  the  24  cu.  ft.  per  sec.  per  sq. 
mile  from  the  9  300  sq.  miles  is  127^%  of  the  average  rate  (18.9  cu. 
ft.  per  sec.)  for  the  same  day's  flow.  The  18.9  cu.  ft.  per  sec.  is  not 
stated  by  the  authors,  however,  but  is  derived  by  the  writer  from 
Table  7  and  its  accompanying  notes,  as  follows : 

If  the  gauge  heights  in  Table  7,  from  21.4  to  28.7,  inclusive,  are 
plotted  with  their  corresponding  discharges,  a  straight-line  relation 
results  which  shows  that  the  rate  for  a  gauge  height  of  28.0  (the  mean 
stage  on  February  16th,  when  the  absolute  maximum  rate  of  24.1  cu. 
ft.  per  sec.  per  sq.  mile  occurred)  was  184  000  cu.  ft.  per  sec  from  the 
9  300  sq.  miles,  or  18.9  cu.  ft.  per  sec.  per  sq.  mile.  If  the  carrying 
capacity  of  the  river  in  February  was  not  materially  different  from 
that  in  March  (and  the  stated  rate  of  224  000  cu.  ft.  per  sec,  at  a  gauge 
height  of  31.0  on  February  16th  agrees  reasonably  well  with  the 
straight-line  diagram  for  March,  and  indicates  this  to  be  the  fact), 
then  on  February  16th,  1907,  the  maximum  rate  of  discharge  from 
this  9  300  sq.  miles  was  127^%  (24.1  +  18.9)  of  the  average  discharge 
for  that  day. 

It  is  seen  that,  even  with  the  very  limited  records,  maximum  flood 
rates  have  been  actually  observed  which  were  143%  of  the  mean  rate 
for  the  day  from  an  area  of  3  640  sq.  miles  and  127i%  from  an  area 
of  9  300  sq.  miles.  Since  it  is  probable  that  with  lengthening  records 
these  percentage  relations  will  be  increased,  even  for  such  large  areas, 
and  quite  certain  that  they  will  be  increased  for  smaller  areas,  it 
seems  not  at  all  improbable  that  maximum  rates  of  flood  flow  will 
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Mr.  Duryea.  occur  from  any  of  these  mixed  Sierra  areas  of  at  least  150%  of  the 
greatest  mean  daily  rate.  Therefore,  to  the  writer,  it  seems  impru- 
dent to  expect  flood  rates  from  these  areas  less  than  those  shown  in 
Table  37,  even  should  the  greatest  mean  daily  rates  of  the  floods  of 
March  and  February,  1907,  never  be  exceeded,  which  is  far  from 
certain. 

TABLE  37. — Maximum  Sierra  Flood  Rates:  The  Least  Which  Must 

Be  Expected. 


CrBic  Feet  per  Second  per  Square  Mile. 

Area  furnishing  flood, 
in  square  miles. 

Least  maximum  flood 
Avprae-e  rate  for          ^^^^  to  be  expected : 

maximum  da  J- . 

263 
1220 
1910 
3  640 
9  300 

54.0 
50.8 
24.1 

106.5 
82.0 
48.7 
.35.6 
20.7 

160 
123 
73 
53 
31 

Passing  from  probable  maximum  flood  rates  to  the  safe  capacities 
for  which  spillways  should  be  proportioned :  In  the  writer's  opinion, 
spillways  (even  when  quite  full  flood  records  are  available)  should 
always  be  proportioned  so  as  to  be  able  to  pass  safely  at  least  150% 
of  the  maximum  flood  rate  regarded  as  probable,  without  injury  to  the 
dam.  This  would  result  in  the  spillway  capacities  shown  in  Table  3S 
as  the  smallest  safe  values  for  such  Sierra  areas. 


TABLE  38. — Safe  Spillway  Capacities:  The  Least  Which  Should 
Be  Provided  For  Such  Mixed  High  axd  Low  Sierra  Areas. 


Cubic  Feet  per  Second  per  Square  Mile. 

Area  furnishing  flood,  iii 
square  miles. 

Least  maximum  flood 
rate  to  be  expected. 

Least  safe  spillway  capa- 
city- to  be  provided: 
150"i,"of  least  maximum 
flood  rate. 

263 
1220 
1910 
3  640 

9300 

160 

123 

73 

53 

31 

240 

185 

110 

80 

46 

The  spillway  capacities  suggested  in  Table  38  are  given,  not  as 
conclusive  values,  but  merely  as  reasonable  deductions  from  the  authors' 
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Flooil  Kates,  in  cubic  feet  per  Second  per  Srniare  Milu 
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Mr,  Duryea.  maximum  flood  rates,  to  be  tentatively  used  for  mixed  Sierra  and 
similar  areas  until  fuller  and  more  conclusive  data  of  maximum  flood 
rates  are  available.  The  diagram,  Fig.  4,  puts  the  suggested  spillway 
capacities  in  better  shape  for  practical  use,  and  also  shows  graphically 
their  relations  to  the  various  flood-rate  values  of  Tables  37  and  38. 

In  Fig.  4  the  least  maximum  flood  rate  to  be  expected  and  the 
least  safe  spillway  capacity  to  be  provided  are  shown  by  curves;  and 
the  variations  of  these  curves  with  changes  in  area  are  best  studied 
by  their  percentage  relations,  as  shown  in  Table  39. 

TABLE  39. 


Area  fur- 
nishing: 
flood,  in 
square 
miles. 

Cubic  ^"'EET  per 
Second  per 
Squabe  Mile. 

Percentage  Relations  of  Flood  Rates  with  Changing 

Areas;  Based  on  the  Flood  Rates  of  the  Followdjs 

Areas  as  100  Per  Cent. 

Least  maxi- 
mum flood 
rate  to  be 
expected. 
I^east  safe 
spillway 
capacity 

to  be 
provided. 

Areas,  in  square  miles. 

10 
% 

200 

500 

1000 

3000 

5000 

10  000 

0 

211           3171^ 
211           317 
211           316 
208     1      312 
204    ;      307 
197          296 
190          285 
182           374 
175           263 
157           236 
139           209 
103           155 

% 

% 

% 

% 

% 

% 

1 
10 
50 
100 

100 
100 
99 
97 
94 
90 
87 
83 
75 
66 
49 
37 
29 
25 
23 
18 
13 

107 
107 
105 
104 

121 

120 
119 
117 
113 

108 
101 

152 
151 
149 

•   147 
142 
136 
131 
136 
113 

269 

268 
264 
260 
251 
242 
232 
223 
300 
177 
131 

440 
438 
4SS 
426 
411 
395 
380 
365 
327 
290 
215 
164 
126 
110 

754 
753 
743 
730 

200 
300 
400 

100 
96 
93 
89 
80 
71 
52 
40 
31 
27 
24 
19 
14 

705 
679 
652 

500 
750 

100 
90 
80 
59 
45 
35 
30 
27 
22 
16 

626 
562 

1000 
1  500 

100 
74 
56 
44 
38 
U 
27 
20 

498 
369 

2  000 

3  000 

4  000 

79           118 
60             91 
.53             79 

100 

u 

61 

48 
36 

281 
216 
188 

5  COO 
7  500 

47             72 
37             57 
27             42 

100 
79 
58 

171 
135 

10  000 

100 

The  flood  curve  and  the  spillway  curve  of  Fig.  4  seem  to  be  most 
open  to  criticism  as  showing,  in  the  rates  from  large  and  from  small 
areas,  differences  which  are  perhaps  too  small.  This  is  due  to  the 
assumed  constant  relation  (150%)  of  maximum  rate  to  mean  rate  of 
the  same  day,  for  all  areas.  If  the  relation  were  made  variable,  it 
seems  that,  in  view  of  the  observed  values  of  143%  for  3  640  sq.  miles 
and  127^%  for  9  300  sq.  miles,  and  on  account  of  the  fact  that  there 
are  few  data,  it  should  be  increased  for  the  smaller  areas  rather  than 
decreased  for  the  larger  ones.  That  the  maximum  rate  of  the  flood 
curve  of  Fig.  4  (211  cu.  ft.  per  sec.  per  sq.  mile,  for  areas  of  less  than 
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10  sq.  miles)  under  some  coiiditions  may  be  much  exceeded,  is  shown  >ir.  Duryea. 
by  some  observed  flood  rates  on  German  streams,  as  follows  :* 

Flood  rate,  in  Flood  rate,  in 

Area,  in  cubic  feet  per  Area,  in  cubic  feet  per 

square  miles.  second  per  square  miles.  second  per 

square  mile.  square  mile. 

l.;J  1116  6.7  940 

3.6  1015  20.1  366 

3.8  896  116.  265 

6.1  828 

The  characteristics  of  these  floods  or  streams  are  not  stated.  Their 
flow  must  be  much  more  "flashy"  than  that  of  Sierra  streams.  From 
the  formula  given  on  Fig.  4,  the  flood  rate  corresponding  to  an  area 
of  116  sq.  miles  is 

(211  —  116  X  0.0722)  =  (211  —  8)  =  203  cu.  ft.  per  sec.  per  sq.  mile. 

Personal  experience  in  spillway  studies  and  flood-flow  measure- 
ments in  the  Mt.  Hamilton  section  of  the  Coast  Range  convinces  the 
writer  that  it  is  there  inadvisable  to  proportion  spillways  for  less  than 
200  cu.  ft.  per  sec.  per  sq.  mile,  even  for  areas  as  great  as  200  sq.  miles.f 
In  a  dam  designed  by  him  on  the  south  fork  of  Eel  River,  150  miles 
farther  north  in  the  Coast  Range,  the  spillway  was  proportioned  for 
100  000  cu.  ft.  per  sec.  from  324  sq.  miles  of  tributary  area  (309  cu.  ft. 
per  sec.  per  sq.  mile),  with  an  extra  depth  of  3  ft.  added  to  the  spill- 
way notch  merely  for  safety  and  with  5  ft.  more  added  for  possible 
waves. 

The  area  tributary  to  the  Eel  River  Dam  has  a  high  rainfall,  and 
sometimes  considerable  snow,  melting  quickly.  Of  the  total  324  sq. 
miles,  the  area  of  267  sq.  miles  beginning  about  14  miles  up  stream 
from  the  dam  is  nearly  circular  in  shape,  with  the  rim  formed  by  steep 
mountains  rising  to  7  000  ft.  elevation.  Only  very  meager  informa- 
tion regarding  the  precipitation  and  stream  flow  existed  in  1905  when 
the  dam  was  designed.  The  dam  is  a  combined  masonry-spillway  and 
earth-embankment  structure,  and  the  embankment  would  not  only  be 
ruined  if  overtopped  by  a  flood,  but  its  washing  away  would  lead  to 
the  return  of  the  river  to  an  ancient  filled-up  channel,  thus  making  a 
reconstruction  of  the  dam  very  costly.  Due  to  the  local  conditions, 
the  cost  added  by  providing  an  excess  of  spillway  capacity  was  com- 
paratively small. 

After  as  full  a  consideration  of  the  flood  characteristics  of  the 
area  as  the  scanty  data  would  permit,:}:  a  flood  rate  of  300  cu.  ft.  per 
sec.  per  sq.  mile  (about  100  000  cu.  ft.  per  sec.  from  the  whole  area) 
was  fixed   upon  as   not  improbable,  with  a  possibility  that  this   rate 

*  Frizell's  "Water-Power,''  1906,  p.  43. 

t  Journal,  West.  Soc.  of  Engrs.,  April,  1900,  p.  181. 

t  The  Engbveering  Record,  March  14th,  1908.  p.  289. 
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Mr.  Duryea.  might  be  much  exceeded.  The  spillway  notch  called  for  by  the  final 
plans  is  355  ft.  in  length  and  28  ft.  in  depth,  but  the  spillway  studies 
were  based  on  a  length  of  350  ft.  only.  The  100  000  cu.  ft.  per  sec. 
would  require  a  depth  of  19.63  ft.  on  a  350-ft.  spillway,  and  a  depth  of 
23  ft.  would  correspond  to  a  flow  of  127  000  cu.  ft.  per  sec.  (392  cu.  ft. 
per  sec.  per  sq.  mile)  ;  while  a  depth  of  26  ft.  would  correspond  to 
153  000  cu.  ft.  per  sec.  (472  cu.  ft.  per  sec.  per  sq.  mile),  with  a  safety 
allowance  of  only  2  ft.  in  depth  of  spillway  notch  for  waves.  In  Jan- 
uary, 190.6,  a  flood  of  46  000  cu.  ft.  per  sec.  (141  cu.  ft.  per  sec.  per  sq. 
mile)  passed  over  the  partially  constructed  dam  without  injuring  it. 
From  a  somewhat  approximate  estimate,  the  maximum  rate  during  the 
flood  of  March,  1907  (the  highest  flood  of  that  year),  was  37  000  cu.  ft. 
per  sec.  (114  cu.  ft.  per  sec.  per  sq.  mile),  though  the  average  rate  for 
March,  1907,  was  116%  of  that  for  January,  1906. 

It  should  be  borne  in  mind  that  the  great  spillway  capacity  pro- 
vided in  the  Eel  River  Dam  was  because  of  the  very  serious  results 
which  would  follow  overtopping  the  earth  portion  by  a  flood,  and  the 
almost  total  lack  of  local  flood  data  when  the  design,  was  made;  and, 
as  in  this  instance  the  cost  of  providing  for  safely  carrying  the  possi- 
ble floods  was  not  greatly  in  excess  of  that  of  providing  for  the  prob- 
able ones,  the  spillway  was  proportioned  for  the  former.  A  spillway 
for  an  earth  or  rock-filled  dam  seems  to  be  one  of  the  engineering  con- 
structions in  which  it  is  often  advisable  to  provide  against  possibilities 
rather  than  probabilities. 

The  writer  disclaims  any  general  application  of  Fig.  4  and  Table 
39.  The  flood  rates  and  spillway  capacities  there  suggested  are  ap- 
plicable only  to  the  mixed  high  and  low  Sierra  areas  from  which  they 
are  derived,  or  to  areas  elsewhere  having  quite  similar  characteristics. 
From  personal  observation  of  many  reservoirs  in  the  high  Sierras, 
from  5  000  to  9  000  ft.  elevation,  where  the  floods  are  from  melting 
snow  alone,  the  writer  believes  that,  under  such  conditions,  much 
smaller  spillway  capacities  than  those  suggested  in  Fig.  4  and  Table 
39  are  safe. 

Also,  no  general  rule  for  spillway  capacities  can  be  safely  applied 
directly,  even  in  the  areas  from  which  Fig.  4  is  derived.  Each  in- 
dividual area,  there  or  elsewhere,  should  receive  special  study,  with 
due  consideration  of  its  precipitation,  stream  flow,  climate,  shape, 
slopes,  vegetation,  soil,  etc.,  and  their  modifying  influences  on  such 
general  flood  rates  as  are  shown  on  Fig.  4.  In  its  ultimate  conclusion, 
the  decision  of  proper  spillway  capacity  should  always  depend  on  per- 
sonal engineering  judgment,  applied  separately  to  each  special  case, 
and  cannot  safely  depend  on  the  application  of  any  general  rule. 
The  fuller  the  general  data  available,  however,  the  better  the  basis  on 
which  the  judgment  must  be  exercised;  and  the  fuller  the  data  and 
the  better  the  methods  of  applying  them,  the  safer,  within  practicable 
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limits,  will  he  the  decision  in  each  special  case — which  considerations  Mr.  Duiyea 
form  the  writer's  excuse  for  that  part  of  his  discussion  relating  to 
spillway  capacities. 

W.  B.  Clapp,  M.  A>r.  See.  C.  E.,  E.  C.  JMlrphv,  M.  Am.  See.  Messrs. 


^      T-i  ttT      -r-1-.r  T  >  ^  ^T-i^ii  N  Murphy  an 

C.  E.,  AND  W.  F.  :\rAirrix,  Jux.  Am.  Soc.  C.  E.  (by  letter).—  Martin 
The  purpose  of  the  writers  in  presenting  the  data  contained  in  their 
paper  was  to  co-operate  as  public  officials  in  every  possible  way  in 
the  solution  of  the  intricate  reclamation  problems  in  the  Sacramento 
and  San  Joaquin  Valleys.  The  data  were  collected  in  an  official 
capacity  and  upon  analysis  were  deemed  to  be  of  sufficient  importance 
to  warrant  their  early  presentation  to  the  Engineering  Profession,  so 
that  they  might  become  immediately  available  for  use  by  engineers  and 
others  interested  in  such  problems  on  the  Pacific  Coast,  particularly 
in  Central  California.  The  writers  did  not  pose  as  a  special  board  of 
consulting  engineers,  appointed  to  investigate  all  the  details  of  the 
great  problem  and  recommend  the  most  feasible  scheme  of  improve- 
ment. They  simply  presented  the  principal  facts  in  their  possession 
and  made  such  analysis  of  them  as  appeared  necessary  to  show  their 
bearing  on  the  problem  at  hand. 

It  is  very  gratifying  to  know  that  the  paper  has  aroused  consider- 
able interest,  and  the  writers  wish  to  thank  those  who  have  prepared 
discussions  on  it.  In  some  of  these  discussions,  it  is  quite  evident  that 
the  point  of  view  of  the  writers  was  entirely  overlooked.  In  some 
others,  their  statements  are  not  correctly  quoted  and  interpreted.  As 
a  whole,  however,  all  disagreements  occur  in  instances  where  only  a 
question  of  individual  judgment  is  involved,  and  not  a  question  of 
principle. 

Specifically,  the  discussions  emphasize  two  points  brought  out  in 
the  paper.  First,  the  volume  of  flood  water  entering  the  valley  through 
the  different  streams,  and,  second,  the  effect  of  mountain  storage  on 
flood    control. 

In  regard  to  the  estimates  of  flood  flow,  the  writers  repeat :  "It  is 
believed  that  the  estimates  are  quite  conservative,  and  rather  inclined 
to  be  too  low  than  too  high."  They  do  not  believe  that  the  high- 
water  discharges  in  any  of  the  streams  have  been  over-estimated.  It 
is  true  that  for  the  higher  flood  stages  the  discharge-curve  must  be 
extended  beyond  the  measurements,  but,  in  almost  every  case,  it  is 
produced  as  a  tangent,  when,  as  a  matter  of  fact,  the  discharge-curve 
is  parabolic  in  form  and  concave  to  the  axis  of  discharge.  Extension 
as  a  straight  line,  therefore,  or  even  as  a  very  flat  curve,  is  on  the  side 
of  conservatism,  especially  when  the  curve  is  well  determined  up  to 
moderately  high  stages,  as  was  the  case  in  this  instance. 

With  reference  to  the  Feather,  Yuba,  and  American  Rivers  in 
particular,  it  is  quite  certain  that  there  is  no  over-estimate,  in  fact, 
there    is    excellent    reason    to    believe    that    the    Feather    was    under- 
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Messrs.  ciapp,  estimated,  and  probably  the  Yuba  also.  At  Oroville  on  the  Feather 
Martin!^  ""^  River,  the  gauge  was  destroyed  some  time  before  the  crest  came,  so 
that  the  stage  was  estimated  from  readings  on  the  Weather  Bureau 
gauge  below,  and  it  is  now  believed  that  the  estimates  of  stage,  and 
consequently  of  discharge,  were  too  low.  This  conclusion  is  borne 
out  by  the  records  of  the  Great  Western  Power  Company's  station  on 
the  North  Fork  of  Feather  River  at  Big  Bend,  above  Oroville. 

Mr.  Grunsky  finds  serious  fault  with  the  estimate  of  run-off  from 
the  unmetered  mountains  and  foot-hills  and  from  the  valley  below 
the  foot-hills.  He  seems  to  have  forgotten,  absolutely,  the  fact,  so 
fully  set  forth  in  the  paper,  that  the  storm  from  March  17th  to  20th 
was  no  "ordinary  rain  storm."  He  forgot  that  the  precipitation  in 
March  was  nearly  three  times  the  normal  for  the  month,  and  that 
about  one-third  of  it  occurred  on  the  three  days,  March  17th  to  19th, 
accompanied  by  comparatively  high  temperature  and  preceded  by  heavy 
rain  on  the  16th;  also  that  heavy  storms  occurred  and  serious  flood 
conditions  existed  in  February,  and  were  followed  by  almost  continuous 
rain  from  March  2d  to  11th,  accompanied  by  high  water  in  all 
the  streams.  He  also  states  that  the  flow  from  the  Sacramento  Valley 
was  assumed  at  50%  of  the  rainfall  from  March  17th  to  20th,  when  it 
was  really  assumed  at  40  per  cent.  He  does  not  believe  it  possible 
that  a  run-off  of  25  cu.  ft.  per  sec.  per  sq.  mile  could  occur  from  the 
unmetered  mountains  and  foot-hills  (chiefly  the  former  with  maximum 
elevation  of  10  000  ft.,  and  some  of  the  heaviest  precipitation  stations 
reported)  of  the  Sacramento  Basin,  notwithstanding  the  fact  that 
the  mean  4-day  rate  was  considerably  greater  for  nearly  all  the 
streams  with  a  large  percentage  of  high  area.  It  is  not  believed  that 
these  estimates  are  materially  in  error,  and,  even  if  they  were,  the 
total  inflow  into  the  valley  would  be  modified  by  a  very  small  per- 
centage. 

The  simultaneous  occurrence  of  a  very  large  flood  on  both  the 
Sacramento  and  San  Joaquin  Rivers,  is  possible,  but  its  probability 
is  very  small,  on  account  of  the  great  length  of  these  two  basins. 
Storms  of  great  intensity  seldom  extend  over  very  large  areas.  The 
maximum  rate  of  flow  of  nearly  all  the  tributaries  of  the  San  Joaquin 
River  was  greater  in  1862  than  in  March,  1907,  but  this  latter  is  the 
greatest  recorded  flood  on  the  lower  San  Joaquin  that  has  occurred 
simultaneously  with  a  very  heavy  flood  discharge  of  the  Sacramento 
River. 

In  regard  to  mountain  storage,  it  is  assumed  in  some  of  the  dis- 
cussions that  the  writers  propose  this  as  the  only  sure  and  absolute 
panacea  for  all  the  ills  of  the  Sacramento  Valley.  Such  is  not  the 
case.  They  have  simply  presented  the  data  which  were  in  their  pos- 
session, with  such  analysis  as  suggested  itself  in  regard  to  the  storage 
possibilities   for  flood   control.     They   say: 
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"It    may    be    that    the    task    of    rectification    and    enlargement    of  Messrs.  Ciapi 
channel   necessary  to  pass  such  floods  as  that  of  March,  1907,  is  so    ?}"ifi|!>'  """ 
great   as   to   make   it   economically   impossible.      In   such   event,   some 
auxiliary  system  of  flood  control  would  have  to  be  devised.     Probably 
no  more  effective  and  easily  executed  auxiliary  system  could  be  found 
than  that  of  large,  regulating  storage  reservoirs  in  the  mountains." 

These  statements  seem  to  have  been  ignored  in  some  of  the  dis- 
cussions. 

As  controllers  of  floods,  these  reservoirs  do  not  present  a  very 
satisfactory  showing,  on  account  of  their  location.  Less  than  one- 
fifth  of  their  total  capacity  would  have  been  available  for  flood  control 
on  the  four  days  of  greatest  flow,  and  only  8%  of  the  combined 
capacity  of  the  two  largest  reservoirs  (Big  Valley  in  Pit  River  Basin 
and  Big  Meadow  in  Feather  River  Basin)  would  have  been  available 
on  these  four  days.  Nevertheless,  the  volume  that  could  have  been 
stored  would  have  had  a  marked  effect  in  reducing  the  peak  of  this 
flood.  The  statement  of  one  discussor,  that  the  storage  outlined  is 
impracticable,  and,  if  accomplished,  will  prove  inefficient,  insufficient, 
precarious,  and  temporary,  appears  to  be  quite  dogmatic,  in  the  light 
of  the  surveys  and  estimates  of  cost  made  by  the  Engineers  of  the 
United  States  Reclamation  Service.  The  reservoirs  listed  in  this 
paper  have  been  declared  thoroughly  practicable  from  an  engineering 
point,  and  also  financially  feasible.  As  to  the  inefficiency,  insufficiency, 
precariousness,  and  temporariness  of  these  reservoirs,  it  is  fairly  cer- 
tain that  time  alone  will  have  to  decide,  since  practically  all  of  them,  . 
and  probably  others,  will  be  constructed  within  the  not  distant  future. 
Already  the  construction  of  one  in  the  Stony  Creek  Basin  has  been 
started  by  the  Reclamation  Service,  and  others  will  undoubtedly 
follow  in  due  time. 

Before  closing  this  discussion,  it  will  be  instructive  to  indicate  from 
the  available  records  the  probabilities  of  filling  these  reservoirs  after 
the  peak  of  floods  has  passed.  A  seven-year  record  on  Stony  Creek 
shows  that  the  reservoirs  in  this  basin  will  store  the  entire  normal  flow 
for  February  or  March,  but  cannot  ordinarily  be  filled  after  March. 
A  five-year  record  on  Cache  Creek  shows  that  the  reservoirs  in  this 
basin  will  store  almost  the  entire  normal  flow  for  January  and  Febru- 
ary combined,  or  for  March  alone,  and  can  be  filled  ordinarily  in 
April  and  May.  From  a  four-year  record  on  Puta  Creek,  it  is  found 
that  the  reservoirs  in  its  basin  will  store  almost  the  total  normal  fiow 
for  January  and  February,  or  for  March,  but  that  they  cannot  be  filled 
after  March.  A  six-year  record  on  Feather  River  indicates  that  the 
reservoirs  in  its  basin  will  reduce  the  normal  flow  about  half  in 
March  or  April,  and  that  they  can  be  filled  after  April  and  May.  The 
reservoirs  on  the  Sacramento  and  Pit  Rivers  will  reduce  the  normal 
flow  in  March  about  one-third.     With  all  the  reservoirs  in  operation. 
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?ssrs.  ciapp;  the  indications  are  that  the  normal  flow  into  the  Sacramento  Valley 

[amn^  ^°     would  be  reduced  about  44%  in  March. 

The  writers  believe  that  the  permanent  and  ultimate  solution  of 
the  flood  problem  in  the  Sacramento  Valley  will  be  embraced  in  one 
comprehensive  scheme,  and  executed  by  units  as  a  whole,  and  with  due 
regard  for  navigation,  industrial,  and  irrigation  interests.  They 
repeat : 

"It  would  seem  that  the  ultimate  solution  of  the  flood  problem  in 
the  lower  portions  of  the  Sacramento  Valley  is  closely  interwoven  with 
the  reclamation  of  the  higher  portions  by  irrigation.  Reservoirs  which 
would  impound  flood  waters  and  reduce  the  peak  of  floods  *  *  * 
would  serve  later  as  storage  reservoirs  from  which  to  draw  for  irriga- 
tion purposes." 
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With  Discussion  by  Messrs.  George  B.  Francis,  James  H.  Brace, 
A.  L.  Bowman,  James  Owen,  James  C.  Boyd,  and  G.  A.  Hersey. 


This  paper  gives  a  general  description  of  the  construction  of  the 
Piscataquis  River  Bridge,  built  for  the  Bangor  and  Aroostook  Rail- 
road, and  also  the  results  attained  with  the  different  classes  of  con- 
crete used. 

The  Piscataquis  Bridge  was  built  during  1907,  and  is  a  part  of  the 
''Medford  Cut-off,"  an  extension  of  the  Northern  Maine  Seaport  Rail- 
road, a  branch  of  the  Bangor  and  Aroostook  Railroad.  This  extension 
begins  at  the  present  terminus  of  the  Northern  Maine  Seaport  Rail- 
road, and  runs  northward  about  28  miles  until  it  again  strikes  the 
main  line  of  the  Bangor  and  Aroostook  Railroad.  It  shortens  the 
distance  between  the  two  points  on  the  main  line  4.3  miles,  reduces 
the  curvature  considerably,  and  gives  much  easier  grades. 

The  "Cut-off"  crosses  the  Piscataquis  River  in  the  Town  of  Med- 
ford,  and  on  the  line  of  a  very  high  horse-back — a  formation  peculiar 
to  that  section  of  the  country — which  was  of  considerable  value  in  the 
construction  of  the  railroad.  The  line  follows  the  horse-back  in  a  gen- 
eral direction  for  about  14  miles,  and  for  6  miles  skirts  along  its  side; 
it  can  even  be  said  that  the  entire  road  was  made  from  it,  for,  as  the 

*  Presented  at  the  meeting  of  May  6th,  1908. 
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northerly  half  of  the  line  passes  through  low  land,  material  from  the 
horse-back  was  used  for  filling,  as  well  as  ballasting.  The  material  in 
it  varies  from  sand  to  coarse  gravel,  and,  in  a  few  instances,  clay.  At 
the  river  the  best  kind  of  gravel  was  found,  and  the  hills  on  either 
side  afforded  excellent  sand  and  stone  for  concrete. 

The  grade  of  the  railroad  is  55.5  ft.  above  the  average  water  level, 
with  about  8  ft.  of  water  in  the  river. 

A  bridge  of  the  deck  type  was  adopted,  with  four  river  piers  and 
two  shore  abutments  of  reinforced  concrete.  The  line  crosses  at  a 
bend  in  the  river,  the  piers  being  placed  at  an  angle  of  55  degrees. 
The  total  length  of  the  bridge  is  607  ft.  10  in.  About  13  tons  of  steel 
were  used  for  reinforcement,  mostly  in  the  two  abutments,  there  be- 
ing but  little  placed  in  the  tops  of  each  of  the  piers. 

The  work  was  handled  with  a  Lidgerwood  cableway,  800  ft.  long, 
placed  on  the  center  line  of  the  bridge.  This  cableway  was  used  in 
making  all  the  excavation,  in  conveying  and  placing  concrete,  moving 
machinery,  and,  later,  in  erecting  the  temporary  trestle  bridge.  The 
cableway  clearly  demonstrated  its  suitability  in  this  case,  and,  for 
rapid  and  profitable  work,  it  would  be  hard  to  find  anything  better. 
In  landing  the  north  abutment,  it  was  necessary  to  go  about  50  ft. 
into  the  side  of  a  40-f  t.  bank  and  remove  about  3  000  cu.  yd.  With 
the  cableway,  all  this  material  was  saved  and  used  directly  for  con- 
crete and  for  banking  coffer-dams,  whereas,  by  almost  any  other  method, 
it  would  have  been  necessary  to  rehandle  it  several  times. 

The  concrete  was  all  machine-mixed,  and  dumped  into  buckets 
which  were  run  out  under  the  cableway  and  carried  to  any  part  of  the 
bridge.  The  greatest  number  of  buckets  used  in  one  day  was  182,  for 
9  hours'  work.    Each  bucket  held  1  cu.  yd. 

Crib  coffer-dams,  of  8  by  8-in.  timber,  in  8-ft.  sections,  were  made 
on  the  river  bank.  Alternate  sections  were  floored  about  four  tiers  from 
the  bottom.  These  cribs  were  then  set  in  place,  and  the  floored  sections 
were  loaded  with  rock.  The  outside  was  covered  with  2-in.  planks 
driven  into  the  river  bottom  as  far  as  possible  by  hand-mauls.  The 
cribs  were  then  banked  with  earth  to  above  the  water  level.  These 
coffer-dams  gave  excellent  satisfaction,  and  only  in  one  instance  was 
there  any  trouble  from  leakage,  and  that  was  quickly  remedied  by  a 
generous  use  of  straw  and  gravel.  The  pumping  was  done  by  five 
centrifugal  pumps  having  a  combined  discharge  of  24  in.,  and  they 
were  able  at  all  times  to  take  care  of  the  water. 
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Fig.  1.— South  Abutment.  Showing  Method  of  Placing  Concrete  in  Finishing 
Abutment.    Total  Height,  57  Ft.     (Above  Ground,  45  Ft.) 


Fig.  2.— Building  Coffer-Dam  of  Pier  3,  Showing  Cableway. 
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The  river  bottom  is  very  rocky  and  gravelly,  and  almost  as  hard 
and  compact  as  if  cemented.  This  feature  could  not  have  been  im- 
proved upon  for  the  foundation.  Excavations  were  carried  down  to 
an  average  depth  of  about  5  ft.  below  this  bottom,  and  all  footings 
rested  on  hard  gravel  through  which  test-bars  could  not  be  driven  more 
than  2  ft.  The  piers  were  liberally  rip-rapped  with  the  rock  which 
had  been  used  to  load  the  coffer-dams,  and  other  larger  rock. 

Two  mixtures  of  concrete  were  used,  namely :  1:2:4  for  under 
water,  and  1:3:5  for  above  water.  Suitable  gravel  was  found  mixed 
with  sand  in  about  the  right  proportions  and  was  used  without  screen- 
ing. Daily  tests  of  the  aggregates  were  made,  by  volumes,  so  that  it 
was  known  that  the  proper  ratios  were  being  maintained.  The  sand 
in  the  gravel  was  very  clean  and  sharp,  and  free  from  loam  and  clay. 
The  treatment  of  the  aggregates  was  as  follows :  The  specification 
called  for  measurement  by  volume,  1  bbl.  of  cement,  3  bbl.  of  sand,  and 
5  bbl.  of  stone,  etc.  Test  boxes,  holding  half  a  batch  of  gravel,  were 
filled  with  the  aggregates,  as  placed  upon  the  mixing  platform,  the 
contents  were  screened,  and  the  sand  and  rock  measured  separately. 
If  not  in  the  right  proportions  more  sand  or  more  rock  was  added,  as 
the  case  required.  By  making  daily  tests,  and  inspecting  closely  the 
materials  as  used,  the  proper  proportions  were  maintained. 

Table  1  shows  the  results  obtained,  and  it  is  interesting  to  compare 
them  with  the  results  from  mixtures  made  under  ideal  conditions,  or 
those  obtained  where  the  ingredients  were  screened  and  graded  more 
carefully,  and  the  ratios  were  determined  by  weight  as  well  as  by 
volume. 

In  making  the  calculations  in  Table  1  for  the  number  of  cubic 
feet  of  concrete  per  barrel  of  cement,  the  quantities  used  in  the  putty 
coats  were  not  considered,  as  so  few  barrels  were  used  that  they  would 
not  have  had  much  effect  on  the  results.  The  1:2:4  mixture  took  1.36 
bbl.,  and  the  1:3:5  mixture,  1.21  bbl.  of  cement  per  cubic  yard  of 
concrete.  A  perfect  mixture  of  the  1:2:4  class  would  require  1.46 
bbl.  per  cu.  yd.,  and  of  the  1:3:5  class,  1.11  bbl.  per  cu.  yd.,  which, 
as  compared  with  the  results  obtained,  shows  that  the  1:2:4  mixture 
fell  short  xV  bbl.  per  cu.  yd.,  and  the  1:3:5  mixture  over-ran  yo 
bbl.  per  cu.  yd.  This  would  indicate  that  the  cement  used  in  the  entire 
bridge  was  83.88  bbl.  more  than  called  for  theoretically. 

The  fact  that  the  1:2:4  mixture  is  short  in  cement  and  that  the 
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Fig.  1.— General  View,  Looking  South.    North  Abutment  and  Piers  1  and  4 
Finished.  Pier  2  Nearly  Complete,  and  Pier  3  Being  Excavated. 


Fig.  2.— General  View  of  Completed  Bridge. 
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1:3:5  mixture  has  a  surplus,  may  be  accounted  for  in  two  different 
ways :  First,  the  aggregates  were  not  graded  properly,  so  that  the  voids 
were  not  completely  filled;  second,  the  quantities  of  the  aggregates 
used  for  the  different  mixtures  were  not  always  exactly  the  same.  The 
material  was  loaded  into  the  mixer  by  wheel-barrows,  the  necessary 
quantity  for  a  wheel-barrow  for  each  mixture  was  determined,  and 
they  were  all  supposed  to  be  loaded  the  same;  in  this,  however,  there 
was  bound  to  be  some  variation. 

For  1  bbl.  of  cement,  or  4  bags  (all  the  cement  being  in  bags)  8 
wheel-barrows  of  the  aggregate  were  used  in  the  1:3:5  mixture,  and 
G  wheel-barrows  of  the  aggregate  in  the  1:2:4  mixture.  A  check 
was  had  on  the  quantities  used  by  the  space  occupied  by  the  completed 
batch  in  the  bucket,  after  being  dumped  from  the  mixer,  as  the 
buckets  each  held  1  cu.  yd.,  it  was  found  by  test  samples  just  how  full 
they  should  be  for  the  two  different  mixtures.  Then,  again,  the  ag- 
gregates not  being  uniformly  graded  by  Nature  would  have  a  tendency 
to  throw  the  resultant  cubic  feet  per  barrel,  under  or  above  the 
theoretical  results  obtained  from  perfect  mixtures.  It  seems,  however, 
that  where  suitable  ingredients  can  be  found  in  their  natural  state, 
free  from  loam  and  clay — although  a  small  percentage  of  either  will 
not  decrease  the  strength  of  the  concrete — that  as  good  work  at  less 
cost  per  yard  can  be  obtained  as  where  the  sand  is  screened  from  the 
gravel  and  they  are  again  mixed  artificially;  for,  when  the  ingredients 
go  into  the  mixer  in  their  natural  state,  the  machine  has  to  do  less 
work  in  mixing  the  cement  with  them,  than  when  the  sand,  rock,  and 
cement  go  in  separately,  for  the  mixer  has  not  only  to  mix  the  cement 
in,  but  the  sand  and  rock  as  well.  Thus,  with  a  mixer  running  for 
the  same  time,  under  the  two  different  conditions,  it  would  seem  that 
a  better  mixture  could  be  made  from  the  natural  ingredients.  There 
were  instances  during  the  progress  of  the  work  when  the  resultant 
mixtures  agreed  exactly  with  the  required  quantity  of  cement  per  barrel. 
This  would  indicate  that  in  such  cases  the  voids  were  completely  filled, 
the  sand  filling  the  interstices  of  the  rock  and  the  cement  those  of 
the  sand. 

The  piers  were  designed  with  round  noses,  having  a  slight  batter. 
At  a  point  well  above  high  water,  on  the  front  ends,  a  circular  break- 
water was  made,  having  a  batter  of  2  :  3  and  extending  down  to  with- 
in 3  ft.  of  the  footing  course.    The  forms  for  these  noses  were  made 
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of  2-in.  plank,  about  4  in.  wide,  sections  being  built  up  in  8-ft.  lengths 
as  the  concrete  advanced.  With  plank  of  this  width,  the  circular 
form  could  be  made  very  readily,  and  with  very  smooth  surfaces. 

The  concrete  was  mixed  wet,  no  tamping  being  required,  other  than 
the  shoveling  over  it  received  after  being  dumped  from  the  bucket. 
Care  was  taken,  however,  that  the  sides  of  the  forms  were  well  worked 
around  with  shovels,  which  kept  the  rock  back  and  allowed  the  soft 
material  to  come  to  the  outside.  The  piers  when  stripped  and  dry 
received  a  coat  of  whitewash.  The  writer  is  not  wholly  convinced  of 
the  worth  of  this  coat  for  work  of  this  class,  as  it  usually  cracks  and 
peels  off.  Where  a  good  surface  has  been  obtained,  he  would  prefer  to 
omit  the  whitewash  coat. 

Although  the  season  was  unusually  wet,  the  progress  of  the  work 
was  delayed  only  for  a  few  days.  The  river  is  affected  rapidly  by  the 
rains,  there  being  no  storage  in  its  water-shed,  and  the  water  rises  and 
falls  quickly.  High  water  was  encountered  only  once,  when  the  sec- 
ond and  third  piers  were  first  started,  but  the  only  damage  was  the 
V.  ashing  away  of  a  little  of  the  coffer-dam  embankment. 

In  the  construction  of  the  temporary  falsework,  piles  were  driven 
from  a  driver  on  a  barrel  raft.  In  no  case  could  the  piles  be  driven 
more  than  5  ft.,  and  the  average  was  about  3  ft.  This  proved  fully 
the  firmness  of  the  entire  river  bottom,  as  found  during  the  excava- 
tion at  the  pier  locations,  ^ost  of  the  piles  were  furnished  with  steel 
points.  For  absolute  safety,  piles  should  not  be  driven  without  some 
protection  for  the  point,  no  matter  through  what  kind  of  ground,  as 
one  can  never  tell  what  material  a  pile  is  to  pass  through. 

The  contractor  for  the  concrete  work  was  Mr.  J.  B.  Mullen,  who  has 
had  wide  experience  in  similar  work.  Moses  Burpee,  M.  Am.  Soc.  C. 
E.,  is  Chief  Engineer  of  «the  Bangor  and  Aroostook  Railroad.  W.  S. 
McFetridge,  M.  Am.  Soc.  C.  E.,  was  Engineer  of  Construction,  in 
charge  of  the  "Medford  Extension,"  and  the  writer  was  Engineer  in 
Charge  at  the  bridge. 
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Discussioisr. 


George  B.  Francis,  ^I.  Am.  Soc.  C.  E.— About  six  years  ago,  some  Mr.  Francis 
concrete  engine  and  generator  foundations  were  built  under  the  speaker's 
direction,  one  of  which  it  was  necessary  to  remove  after  it  had  been 
standing  two  or  three  months,  and  in  the  removal  there  was  oppor- 
tunity to  observe  the  effect  of  the  stoppage  of  the  placing  of  the  con- 
crete over  night — the  original  construction  occupying  several  days. 

This  particular  foundation  was  approximately  30  ft.  long,  20  ft. 
wide  and  15  ft.  high,  and  the  cause  of  its  removal  was  a  change  of  the 
type  of  engine  and  generator  which  it  was  to  support,  the  new  ones 
requiring  a  totally  different  arrangement  of  anchor  bolts. 

The  concrete  was  supposed  to  be  a  monolithic  structure,  and  it  had 
become  so  thoroughly  set  that  it  required  the  use  of  dynamite  to  break 
it  up. 

In  separating,  it  came  apart  on  horizontal  lines  corresponding  to 
each  day's  work,  showing  distinctly  that  there  was  only  moderate 
cohesion  of  one  day's  work  with  that  of  another,  although  there  wa? 
no  evidence  of  these  seams  on  the  exterior  surface.  The  vertical 
breaks,  as  might  be  expected,  were  ragged  and  through  the  homo- 
geneous mass. 

In  recent  work  it  has  been  the  custom  to  place  the  concrete  for  such 
structures  without  intermission  until  completed. 

Mr.  Hersey  speaks  of  using  some  sort  of  a  metal  shoe  on  all  piles 
for  foundation  work.  The  speaker  does  not  agree  with  him  in  this,  as 
there  are  many  cases,  where  piles  are  required,  where  it  is  quite  plain 
that  they  will  have  to  penetrate  known  strata,  and  that  a  metal  shoe 
or  protection  is  unnecessary  and  a  great  waste  of  money. 

In  many  cases  where  piles  cannot  be  driven  without  shoes,  it 
is  pretty  good  evidence  that  they  are  not  needed.  When  they  can 
be  driven  only  4  or  5  ft.,  it  is  better  to  deepen  the  excavation  and  not 
use  them  at  all. 

James  H.  Brace,  M.  Am.  Soc.  C.  E. — In  the  speaker's  practice,  Mr.  Brace, 
the  question  of  joints  has  come  up  in  the  construction  of  arches.  In 
one  case  (a  very  flat,  thick,  and  heavily  reinforced  concrete  arch),  as 
the  contractor  did  not  .wish  to  work  at  night,  the  arch  was  divided 
into  voussoirs  by  radial  bulkheads.  The  size  of  each  voussoir  was 
about  equivalent  to  one-half  the  daily  capacity  of  the  concrete  plant. 
Work  was  started  at  the  skewbacks,  and  one  section  on  each  side  of 
the  arch  was  filled  during  the  day.  This  secured  a  balanced  loading 
on  the  centers,  and  radial  joints.  The  results  were  satisfactory. 
Wherever  possible,  however,  the  speaker  believes  it  is  best  to  work 
continuously  until  the  arch  is  completed.  When  this  is  done,  it  is 
well  to  build  up  the  concrete  as  nearly  as  possible  along  radial  lines. 
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Mr.  Brace,  in  order  to  avoid  bad  joints  in  case  of  some  unavoidable  delay.  This 
is  particularly  important  in  lining  tunnels,  as  the  work  approaches  the 
top  of  the  arch.  It  always  requires  much  more  time  to  place  the  con- 
crete in  the  key,  and  the  concrete  on  either  side  is  apt  to  take  con- 
siderable set  before  the  work  is  completed. 

It  is  thought  that  by  "whitewashing"  the  author  means  a  layer  of 
neat  cement  grout  brushed  over  the  finished  work.  The  speaker  has 
seen  this  used,  and  thinks  that  it  generally  improves  the  appearance 
of  the  work.  It  will  sometimes  peel  oif,  but  is  more  apt  to  adhere  to 
the  wall  than  a  plaster  coat. 
Mr.  Bowman.  A.  L.  BowMAN,  M,  Am.  Soc.  C.  E.— In  work  of  this  kind,  to  secure 
the  best  results  in  quality  and  appearance,  a  wet  concrete  should  be 
used,  and  to  secure  the  advantages  of  a  monolithic  structure,  within 
certain  lines  where  possible,  the  concreting  should  be  carried  on  con- 
tinuously, day  and  night,  until  finished. 

A  few  years  ago  the  speaker  had  occasion  to  build  some  reinforced 
concrete  railroad  arches.  The  abutments  and  piers  were  carried  up 
to  the  springing  lines  and  there  stopped.  When  the  arch  rings  were 
started  the  work  was  carried  on  continuously,  night  and  day,  until 
finished. 

In  one  of  the  spans — a  double-track,  54-ft.  skew  arch — the  con- 
creting was  started  simultaneously  from  each  skewback,  and  was  built 
in  60  hours  of  continuous  work.  The  concrete  was  mixed  very  wet, 
and,  owing  to  the  number  and  location  of  the  reinforcing  rods,  very 
little  tamping  could  be  done.  The  forms  were  made  of  dressed  lum- 
ber, and  the  inside  faces  were  coated  with  "Petrolatum"  as  soon  as 
erected,  a  second  coat  being  applied  just  before  the  concreting  was 
started. 

To  secure  a  smooth  surface,  the  concrete  was  worked  thoroughly 
against  the  forms  with  forks,  so  as  to  force  the  stone  back  into  the 
body  of  the  ring  and  flush  the  cement  mortar  to  the  surface.  The 
forms  were  set  i  in.  high  at  the  crown,  and,  after  the  arch  ring  was 
completed,  were  left  in  place  for  about  two  weeks,  after  which  they 
were  lowered  by  small  amounts  every  few  days  until  they  were  clear 
of  the  arch. 

When  the  centers  were  entirely  removed,  the  inner  face  of  the  arch 
presented  a  very  smoothly-finished,  uniformly-colored  surface,  which 
only  had  to  be  touched  up  and  rubbed  down  in  a  few  spots. 

There  were  no  hair  cracks  visible,  and  very  satisfactory  results 
were  secured  without  using  any  cement  wash  or  whitewash  coat. 
Mr.  Owen.  James  Owex,  M.  Am.  Soc.  C.  E. — In  the  construction  of  piers  and 
concrete  work  there  is  one  feature  which  has  not  received  much  atten- 
tion, although  it  has  been  a  matter  of  some  consideration,  and  that  is 
what  is  known  as  the  over-night  bond.  It  is  a  generally  accepted  fact 
that  it  is  very  difiicult  to  obtain  a  perfectly  homogeneous  connection 
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with  work  finished  over-night  and  built  on  the  next  day,  on  account  of  Mr.  Owen. 
expansion.    In  a  large  proportion  of  concrete  construction,  the  joint, 
where  one  section  is  put  upon  the  other,  is  very  noticeable  when  the 
work  is  completed,   and  many  methods  of  overcoming  this  difficulty 
have  been  tried. 

The  speaker  tried  the  experiment  of  making  the  last  run  of  the  ma- 
chine very  wet,  and  found  this  somewhat  efficacious.  This  run  was  so 
wet  that  the  next  morning  the  water  had  all  collected  on  the  top  of  the 
pier,  with  very  slight  setting  on  the  surface  of  the  concrete.  The 
water  was  swept  off  and  the  new  joint  made,  and  thus  the  difficulty 
was  overcome,  in  a  measure;  but,  if  there  are  such  joints  in  pier  con- 
struction between  high  and  low  water,  such  trouble  is  likely  to  occur. 

A  great  many  engineers  do  not  allow  any  intermission,  the  work 
being  carried  on  continuously  night  and  day.  This  method  eliminates 
entirely  the  bond  question,  but  it  is  somewhat  more  costly. 

The  speaker's  attention  was  first  called  to  the  bond  question  in  the 
case  of  a  Paterson  bridge  which  was  carried  away  by  a  freshet.  On 
examination,  the  break  was  found  to  have  occurred  on  a  line  of  work 
where  two  sections  had  not  been  thoroughly  bonded  in  construction. 

James  C.  Boyd,  M.  Am.  Soc.  C.  E.  (by  letter). — Some  years  ago  Mr.  Boyd, 
the  writer  was  in  charge  of  bridge  construction  for  the  Bangor  and 
Aroostook  Eailroad,  and  therefore  he  has  read  with  much  interest  Mr. 
Hersey's  paper  on  the  Piscataquis  Bridge.  At  that  time  a  bridge, 
very  similar  in  character  and  construction,  was  built  at  what  is  known 
as  the  Second  Crossing  of  the  Fish  River.  The  close  similarity  in 
some  of  the  results  obtained  on  the  Fish  River  and  this  Piscataquis 
work  is  rather  striking.  On  the  Fish  River  Bridge,  the  concrete  was 
mixed  by  hand,  the  aggregate  being  bank  gravel  taken  from  a  near-by 
cut.  This  gravel  was  not  screened,  but  was  tested  in  a  rather  crude 
manner,  under  the  writer's  direction,  by  periodically  taking  sample 
buckets  of  the  gravel  and  ascertaining  the  voids  by  noting  the  quantity 
of  water  required  to  fill  them,  a  correction  being  made  in  the  aggregate 
by  the  addition  of  either  sand  or  gravel  as  the  case  required.  In  the 
concrete  it  was  desired  to  obtain  the  equivalent  of  a  1  :  3  :  5  mixture, 
and  the  records  of  this  work  show  that  two  bridge  abutments,  contain- 
ing 1  668  cu.  yd.,  required  2  034  bbl.  of  cement,  giving  an  average  of 
1.21  bbl.  of  cement  per  cubic  yard  of  concrete.  This  work  was  per- 
formed by  day's  labor  by  the  railroad  company,  and  the  cost,  exclusive 
of  overhead  charges,  but  including  foundation  caissons  and  pumping, 
forms  and  tools,  was  $7.76  per  cu.  yd.  of  concrete,  cement  costing  $3.00 
per  bbl.  delivered  at  the  site. 

In  a  similar  bridge,  known  as  the  First  Crossing  of  the  Fish  River, 
built  at  the  same  time  and  in  the  same  manner,  3  216  cu.  yd.  of  con- 
crete required  4  060  bbl.  of  cement,  giving  an  average  of  1.26  bbl.  per 
cu.  yd.  of  concrete. 
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Mr.  Boyd.  The  author  states  that,  for  absolute  safety,  it  is  necessary  to  fur- 
nish all  piles  with  point  protection.  The  writer  feels  that  this  is  not 
strictly  true,  although,  in  material  found  in  the  river  bottoms  in  the 
northern  sections  of  Maine,  it  is  no  doubt  the  safest  course  to  pursue. 
However,  in  many  places  where  soft  material  is  found  and  the  piles 
depend  on  skin  friction  for  their  supporting  power,  as  well  as  in  many 
places  where  the  character  of  the  foundation  is  well  known,  it  would 
hardly  apply. 
Mr.  Hersey.  G.  A.  Hersey,  Jun.  Am.  Soc.  C.  E.  (by  letter). — It  may  not  always 
be  necessary,  perhaps,  to  prepare  soft  wooden  piles  with  steel  points, 
but,  from  two  instances  which  have  come  under  the  writer's  observa- 
tion, it  would  seem  to  be  the  safer  course,  especially  under  conditions 
such  as  are  met  with  in  Maine.  The  piles  used  on  the  Piscataquis 
River  Bridge  were  for  a  temporary  wooden  trestle  which  was  in  use 
only  a  short  time.  The  river  bed  was  so  rocky,  and  penetration  was 
so  difficult,  that  piles  driven  without  points  were  soon  battered  and 
broomed,  and,  even  if  one  did  happen  to  drive  solid,  on  being  pulled 
up,  the  lower  3  to  5  ft.  were  found  to  be  practically  destroyed.  On  the 
other  hand,  where  a  steel  point  was  used,  the  driving  was  much  easier, 
and,  upon  removal,  the  pile  was  as  good  as  new,  the  steel  point  prevent- 
ing all  brooming.  The  points  are  easily  put  on  and  removed,  and  suit- 
able for   service  elsewhere. 

In  another  instance,  on  a  double-track  trestle  over  a  bog,  after  the 
piles  were  driven  some  distance,  they  struck  a  ledge  and  slid  out  of 
place.    The  use  of  steel  points  overcame  the  difficulty. 

While  satisfactory  results  may  be  obtained  with  a  "whitewash 
coat,"  the  writer  believes  that,  in  railroad  culvert  work,  abutments, 
and  piers,  outside  of  towns  and  cities,  it  is  not  necessary;  provided, 
however,  proper  care  is  exercised  in  making  the  forms,  in  placing  the 
concrete,  and  in  using  wet  concrete.  A  coating  of  oil  may  also  be 
applied  to  the  forms  at  projections  and,  possibly,  to  the  sides. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

INSTITLTED    1852 


TRANSACTIONS 


Paper  No.   1086 

THE  SEMICIRCULAE  MASONRY  ARCH. 

By  a.  E.  Lindau,  Assoc.  M.  Am.  Soc.  C.  E. 


Since  the  introduction  of  reinforced  concrete  construction,  the 
building  of  arches  has  increased  to  such  an  extent  that  simple,  ap- 
proximate methods  of  finding  bending  moments  and  thrusts,  which 
are  sufficiently  accurate  for  all  practical  purposes,  will  undoubtedly 
be  appreciated  by  those  interested  in  this  branch  of  engineering. 

Nothing  simpler  in  arch  analysis  has  been  proposed  than  the  co- 
efficients for  parabolic  arches  by  the  late  C.  E.  Greene,  M.  Am.  Soc. 
C.  E.  The  fact  that  they  are  confined  to  curves  of  one  type  is,  of 
course,  a  serious  limitation,  and  the  purpose  of  this  paper  is  to  extend 
this  method  to  the  analysis  of  the  semicircular  arch  with  fixed  ends, 
basing  the  coefficients  for  bending  moments  and  thrusts  on  the  ordi- 
nates  to  the  equilibrium  polygons  given  by  Professor  Greene. 

Horizontal  Thrust  and  Reaction. — The  center  line  of  the  arch.  Fig. 
1,  is  assumed  to  be  a  semicircle  and  divided  into  equal  segments  every 
10°,  beginning  with  zero  at  the  crown.  It  is  proposed  to  express  the 
bending  moment  at  any  one  of  these  points,  for  a  load  of  W  at  any 
other  point,  in  terms  of  R,  the  radius,  and  W,  the  load. 

Let  N  C  Q,  Fig.  1,  represent  the  equilibrium  polygon  for  the  load, 
W,  at  an  angle,  a,  to  the  right  of  the  crown,  y^  being  the  ordinate  at 
the  left  abutment,  y^  the  ordinate  to  the  apex,  and  y^  the  ordinate  at 
the  right  abutment.  The  bending  moment  at  any  point  is,  of  course, 
equal  to  the  horizontal  thrust  multiplied  by  the  vertical  distance  from 
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the  equilibrium  polygon  to  the  center  line  of  the  arch,  or,  from  Fig.  1, 
H  X^  F- 

,  c 


From  the  geometry  of  the  construction: 

WR 


n  = 


[r 


Vo—  'Ji 


2/0  —  2/2 


.] 


0) 


-|-  sin.  a  1  —  sin.  a 
Calling  the  ordinates,  y,  positive  if  above  the  springing  line,  A  B, 
and  negative  if  below,  we  have,  by  substituting  values  for  sin.  a,  and 
for  y^,  y^,  and  y^,  the  figures  given  on  page  94  of  Greene's  "Arches," 
the  following  values  of  H : 


a 

0° 

10= 

20° 

30° 

1.298  i? 

0.360  " 

+0.011  " 

0.313  TT 

40° 

50° 

60° 

70° 

80" 

Vo-. 
Vr-. 

1.330K 

0.241  " 

+0.241  " 

0.459  fV 

1.326i? 

0.288  " 

+0.183  - 

0.441  TF 

1.316iJ 

0.326  " 

+0.108" 

0.386  TF 

1.275i? 
0.38T  " 
—0.125  " 
0.224  PT 

1.245R 

0.413" 

-0.330" 

0.139  TF 

1.210/? 

0.434  " 

^0.665  '• 

0.069  PF 

1.170/? 
0.455" 
-1.333" 
Q.OZmW 

1.125/? 
0.475" 
-3.319" 
0.0035  PT 
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Referring  to  Fig.  la,  we  have,  for  the  value  of  the  reaction  at  the 
left  abutment: 


i?„  = 


yo—Vx 


II. 


(2.) 


J?  (1  +  sin.  a) 

Again  substituting  values  for  y^,  y^,  and  the  above  values  of  H, 
we  have  the  following  values  of  Ra  and  -Bs ; 


Point. 

Oo 

10° 

20" 

30° 

40° 

50° 

60° 

70° 

80° 

P    

0.5  »r 

O.STT 

0.458  IT 
0.542  PT 

0.382  TT 
0.618  W 

0.294  TF 
0.706  PF 

0.199Pr 
0.801  PT 

O.llSTT 
0.885  PT 

0.054  PT 
0.946  PT 

0.017PP^ 
0.983  W^ 

0.002  PP- 

ff. 

0.998  M^ 

Bending -Moment  Coefficients  for  Vertical  Loads. — Since  the  value 
of  H  is  given  as  a  coefficient  multiplied  by  W,  the  next  step  is  to 
determine  the  distance,  E  F,  in  terms  of  R,  for  all  points  of  the  arch 
when  the  load,  W,  is  applied  at  any  point,  a,  to  the  left  or  right  of 
the  crown. 

Referring  again  to  Fig.  1,  the  distance,  L  F,  is  given  by  the  ratio, 
L  F       C  G 


(3) 


(2/0  —  2/1) (3«) 


.j=^-=r  —   T.-  ^.  from  which  : 
N  L        N  G 

T     TP  

1  +  sin.  a 
for  all  points  to  the  left  of  the  load, 

1  +  sm.  a 
for  all  points  to  the  left  of  the  load  up  to  the  crown. 

1  —  sin.  e 

L  F  =  -^ -. (2/0  +  v.) (4) 

1  —  sm.  a  ^^^       ^'-'  ^  -' 

to  the  right  of  the  load, 

D  E  =  B  cos.  6,  and  D  F  =  1/^  +  L  F :  consequently 

■1  rp  sin.  6 

__(2/o 

and 

^E'F'=  -  J^cos.  ^  +  ^2+  [r^^SnTa  ^^0  -  2/2)] («) 


—  E  F  =  —  R  cos.  /9  +  2/1  +  r^ 


2/1)] 


.(o) 


Considering  then,  that  for  the  load,  W,  in  any  particular  position, 
o,  to  the  left  or  the  right  of  the  crown,  the  term,  sin.  a,  is  constant, 
we  can,  by  giving  definite  values  to  the  angle,  6,  find  the  values  of 
E  F  in  terms  of  R. 
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To  illustrate  the  manner  in  which  this  computation  may  be  accom- 
plished, assume  the  load,  W,  to  be  placed  at  the  angle,  a  =  20°,  to  the 
right  of  the  crown. 

Then  with  a  =  20°,  B  =  0.386  W. 


1  -j-  sin.  a 


0.7376 


1  —  sin.  a 
TABLE  1. 


=  1.8359 


Any  point  9. 


Right  abutment 

80 

70 

60 

50 

40 

30 

20 

10 

0 

10 

20 

30 

40 

50 

60 

70 

80 

Left  abutment... 


Cos.  0. 

1  —  sin.  e. 

1  0.000 

0.000 

0.17365 

0.01519 

0.34202 

0.060.31 

0.50000 

0.13397 

0.64279 

0.23396 

0.76604 

0.35721 

0.86603 

0.5000 

0.93969 

0.6.5798 

0.9.S481 

0.82635 

J. 0000 

1.0000 

0.98481 

0.82635 

0.93969 

0.65798 

0.86603 

0.50000 

0. 76604 

0.35721 

0.64279 

0.2.3896 

0. 50000 

0.13397 

0.. 34202 

0.06031 

0.17.365 

0.01519 

0.0000 

0.0000  j 

LF. 


O.OOOJ? 
0.0278874/? 
0.1107237" 
0.24.59568  " 
0.4295195  '• 
0.655805  " 
0.91795  " 
0.1208 
0.866778  '• 
0.73768  " 
0.60958  " 
0.485378  " 
0.36884  " 
0.263506  " 
0.1725876  " 
0.0988269  " 
0.044489  "•' 
0.011205  '• 
0.0000 


EF. 


x\ 


+  0.1G8fi 

—  0. 0377676 ff 

—  0.16783     " 

—  0.14604     " 

—  0.10527    " 

—  0.002235  " 
+  0.15992    " 

0.376.31     " 

0.206968  " 

+  0.06368     " 

—  0.4923      " 

—  0.22831     '• 

—  0.17119    " 

—  0.17653  " 
-0.14430    " 

—  0.057517  " 
+  0.028469  " 
-1-0.15.3555  " 
-4-  0.326 


Bending  moment, 
Hy.  EF. 


+  0.041688    RW 

—  0.0145763    " 

—  0.0450782    " 

—  0.0563714     '• 

—  0.040634       " 

—  0.00086271  " 
+  0.061729  " 
+  0.145255  •• 
+  0.0798896  " 
+  0.0245805     " 

—  0.0190C278  " 

—  0.0495276    " 

—  0.0680793    " 

—  0.0681408    " 

—  0.0556612    •• 

—  0.0290156  " 
+  0.010989  " 
+  0.0592722  " 
+  0.125836   " 


The  last  column  of  Table  1  gives  the  bending  moments,  in  terms 
of  B  and  W,  at  all  points  of  the  span,  when  the  load,  W,  occupies  the 
position  20°  to  the  right  of  the  crown;  similarly,  for  any  other  point, 
a.  By  arranging  a  table  for  aU  points,  a,  beginning  at  the  top  with 
the  right  abutment,  continuing  through  to  the  left  abutment,  writing 
values  similar  to  the  last  column  of  Table  1  across  the  page  for  each 
point,  we  have  Table  2,  giving  bending  moments  in  terms  of  R  and 
W,  and  a  coefficient,  C,  for  various  points  of  the  arch  and  various 
positions  of  the  vertical  load,  W. 

M=CXRXW. 

It  is  to  be  noted  that  if  the  loads  are  placed  at  the  points  indicated 
in  the  first  column  of  Table  2,  bending-moment  coefficients  are  found 
in  the  following  columns.  For  example,  a  load  placed  10°  to  the  right 
of  the  crown  causes  a  bending  moment  of  +  0.0146  R  W  at  a.  point 
10°  to  the  left  of  the  crown. 

B ending-Moment  Coefficients  for  Horizontal  Loads. — By  a  method 
similar  to  the  preceding  one,  coefficients  for  bending  moments  caused 
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by  horizontal  forces  can  be  found.  Solving  the  equations  on  pages 
119-123  of  Greene's  "Arches,"  the  values  for  X^,  X^,  X^,  B.^,  E^,  and 
P,  etc.,  in  Table  3  are  obtained. 

TABLE  3. 


a 

X, 

Xi 

X, 

H, 

H^ 

P 

0 

O.OOOOiB 

0.5708fi 

0.5708i? 

0.5000fi' 

0.5000H 

0.3183H 

10 

0.0042  " 

0.5924  " 

0.5976  " 

0.4979  " 

0.5027" 

0.3087  " 

20 

0.0337  " 

0.6500" 

0.6932  " 

0.4834" 

0.5166  " 

0.2811  " 

30 

0.1126  •' 

0.7355  " 

0.8920  " 

0.4474  " 

0.5526  " 

0.2387" 

40 

0.2635  " 

0.8438  " 

1.2573" 

0.3853  " 

0.6147" 

0.1868" 

50 

0.5058" 

0.9713  " 

1.9162" 

0.2998  " 

0.7602" 

0.1315  " 

60 

0.8556" 

1.1158" 

3.1673" 

0.2006" 

0.7994  " 

0.0795  " 

70 

1.3248" 

1.2765" 

5.9089" 

0.1036" 

0.8964" 

0.0372  " 

80 

1.9189" 

1.4506  " 

14.6411  " 

0.0294" 

0.9706" 

0.0096" 

90 

ac 

a 

0.0000" 

1.0000" 

0.0000" 

The  vertical  thrust,  P,  constant  throughout  the  span,  is  analogous 
to  the  horizontal  thrust  for  vertical  loads;  and  the  bending  moment 
for  the  horizontal  force,  H,  is  equal  to  P  multiplied  by  the  horizontal 
distance  from  the  center  line  of  the  arch  to  the  equilibrium  polygon 
determined  by  the  position  of  H.  These  horizontal  distances  are 
evaluated  in  much  the  same  manner  as  the  vertical  ordinates,  E  F, 
and  multiplying  by  the  proper  value  of  P  and  tabulating  gives  Table 
4,  from  which  the  bending  moment  at  any  point  due  to  the  horizontal 
force,  H,isM=0  XB  XR- 

Influence  Lines. — If  the  figures  in  any  column.  Tables  2  or  4,  be 
plotted  to  scale  and  the  points  connected  by  lines,  the  resulting  curve 
may  be  called  the  influence  line  for  this  particular  point  in  the  span. 
In  Fig.  2  the  full-line  curve  marked  1  shows  the  influence  line  for 
the  point  40°  to  the  left  of  the  crown,  plotted  from  Table  2,  ordinates 
below  the  line,  A-B,  being  negative  and  those  above  positive.  From 
Fig.  2  it  is  evident  that  the  maximum  positive  moment  occurs  when 
the  load  is  directly  over  the  point,  and  the  maximum  negative  moment 
with  the  load  near  or  slightly  to  the  right  of  the  crown,  while  loads 
near  the  abutments  exercise  very  little  influence. 

In  Fig.  3,  Curves  1  and  4  are  influence  lines  for  the  crown  and 
abutment,  B,  respectively.  Fig.  4  indicates  influence  lines  for  hori- 
zontal forces.  Curve  1  is  for  the  crown,  showing  that  the  bending 
moment  for  this  point  is  negative  for  all  positions  of  the  load.  Curve 
2  is  for  the  40°  point,  and  Curve  3  for  the  abutment,  B.  Curves  2 
and  3  appear  to  be  discontinuous  at  the  crown,  which  is  due  to  the 
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change  in  direction  of  the  forces  at  this  point.  If  the  forces  were 
assumed  to  be  in  the  same  direction  from  A  to  B,  Curves  2  and  3 
would  be  continuous,  and  the  ordinates  would  be  of  the  same  sign 
throughout. 

It  is  to  be  noted  that  Tables  2  and  4  are  both  subject  to  the  limita- 
tion that  the  thickness  of  the  arch  ring  is  constant  from  crown  to 
abutments.  Arches,  of  course,  are  not  built  with  constant  thickness, 
for  various  reasons,  therefore  it  would  be  of  interest  to  find  what  in- 
fluence, if  any,  the  increase  in  the  thickness  of  the  arch  ring  toward 
the  abutment  may  exert  on  the  bending  moments  and  thrusts. 

Effect  on  Bending  Moments  for  Variation  in  Ring  Thickness. — 
With  this  object  in  view,  two  special  cases  were  investigated  by 
using  Professor  Howe's  summation  formulas,  given  in  his  treatise, 
"Symmetrical  Arches."  In  one  case  the  thickness  at  the  abutment 
was  made  one  and  one-half  times  that  at  the  crown,  and  in  the  other 
twice  the  crown  thickness.  With  these  assumptions,  the  case  of  the 
semicircular  arch  of  any  radius,  R,  can  be  investigated,  because  the 
moment  of  inertia  at  any  section  becomes  a  multiple  of  that  at  the 
crown,  and  the  thickness,  t,  disappears  in  the  formulas  for  H,  My, 
and  M^. 

Referring  again  to  Figs.  2  and  3,  this  effect  of  change  in  section 
on  the  influence  lines  is  shown  by  the  dotted  and  the  dot-and-dash 
lines,  the  dotted  line  in  each  case  showing  the  effect  of  the  abutment 
thickness  being  twice  that  of  the  crown,  and  the  dot-and-dash  lines 
one  and  one-half  times  as  much. 

It  will  be  observed  that,  for  the  crown  and  also  for  the  40°  point, 
the  effect  of  increasing  the  ring  thickness  is  not  so  marked,  while,  for 
the  abutment,  the  bending  moments  for  loads  at  certain  points  are 
widely  different  for  the  three  cases. 

Effect  on  the  Horizontal  Thrust  for  Variation  in  Ring  Thickness. — 
That  the  thickening  of  the  arch  at  the  abutment  also  influences  the 
horizontal  thrust  is  evident  from  Fig.  5,  in  which  three  curves  are 
shown,  the  ordinates  to  which  indicate  the  coefficient  by  which  W,  at 
any  point,  is  multiplied  to  give  the  horizontal  thrust,  H.  Again, 
Curve  1  refers  to  the  case  of  constant  thickness.  Curves  2  and  3  to 
the  ratios,  IJ  and  2,  respectively.  It  will  be  observed  that  while  the 
coefficients  for  loads  near  the  crown  increase  as  the  thickness  at  the 
abutment   increases,   the   reverse   is   true   from   the  40°   point  to  the 
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abutment,  so  that,  taking  the  arch  as  a  whole,  that  is,  the  total  thrust 
of  the  span,  the  results  for  the  three  cases  are  not  so  far  apart  as 
might  be  supposed  from  the  figure. 

The  point  of  importance  to  the  designer  is  whether  these  variations 
will  materially  affect  the  maximum  moments  and  thrusts;  or,  still 
more  to  the  point,  the  maximum  fiber  stresses  at  any  section.  To 
throw  some  light  on  this  phase  of  the  matter  will  require  the  analysis 
of  a  particular  example. 

Example. — Assume  a  50-ft.  clear-span  arch  for  railroad  traffic, 
with  3  ft.  of  fill  over  the  crown,  the  live  load  to  be  considered  equiva- 
lent to  1  000  lb.  per  sq.  ft.  and  the  horizontal  pressure  at  any  point 
one-third  of  the  vertical.  In  Fig.  6  are  drawn  to  scale  several  bend- 
ing-moment  curves  for  this  arch.  Curve  1  shows  the  bending  moments 
at  all  points  in  the  span  for  the  dead  load  of  the  arch  ring  and  the 
earth  fill,  considering  vertical  loads  only  and  the  ring  thickness  con- 
stant. Curve  2  shows  the  same  load,  with  the  abutment  thickness 
twice  that  at  the  crown;  Curve  3  shows  the  live  load  only  from  B  up 
to  and  including  the  20°  point  to  the  left  of  the  crown;  Curve  4 
shows  the  same  live  load,  but  the  ring  thickness  is  the  same  as  in 
Curve  2. 

Apparently,  the  effect  of  thickening  the  abutment  is  to  decrease 
the  bending  moment  over  the  greater  part  of  the  span,  at  the  expense 
of  the  abutment  where  there  is  a  great  increase  of  moment,  a  result 
which  might  be  expected  because  of  the  increased  rigidity  of  the 
structure  at  this  point. 

Maximum  Bending  Moments. — Fig.  7  shows  all  the  positions  of 
live  load  giving  maximum  moments :  Curves  2  to  7.  The  heavy  lines 
at  the  top  of  the  figure  indicate  the  extent  of  the  loading.  These 
curves  show  the  moments  for  vertical  load  only.  The  dead-load 
moments  are  given  by  Curves  1  and  8,  Curve  1  for  the  vertical,  and 
Curve  8  for  the  horizontal  forces. 

It  is  evident  by  inspection  that  the  vertical  dead-load  moments  are 
practically  neutralized  by  the  moments  caused  by  horizontal  earth 
pressure.  This  is  shown  more  clearly  in  Fig.  8,  where  Curve  1  is  the 
result  of  combining  Curves  1  and  8  in  Fig.  7.  Curve  2,  in  Fig.  8, 
corresponding  to  a  live  load,  extending  from  the  abutment,  B,  up  to 
and  including  the  20°  point  to  the  left  of  the  crown,  gives  practically 
both  positive  and  negative  maxima.     The  effect  of  assuming  this  live 
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load  to  exert  horizontal  pressure  on  the  arch  is  shown  in  Curve  3, 
being  merely  a  shifting  of  the  curve  to  the  right  with  a  slight  in- 
crease in  the.  maximum  negative.  While  the  above  live  load  probably 
gives  the  most  unfavorable  working  condition,  Curve  4  indicates  that 


erection  loads  must  be  reckoned  with,  showing  the  result  of  back- 
filling earth  on  the  arch  from  the  abutment,  B^  up  to  the  crown.  It 
is  to  be  noted  that  the  maximum  positive  as  well  as  the  abutment 
moments  are  all  greater  than  those  produced  by  the  live  load. 
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Fiber  Stresses. — Fiber  stresses,  being  the  result  of  the  combined 
effect  of  the  bending  moment  and  the  thrust,  and  varying  with  the 
dimensions  of  the  arch  ring,  it  will  be  necessary  to  refer  again  to  the 
example  in  order  to  trace  the  influence  of  a  change  in  the  ring  thick- 
ness toward  the  abutment. 

For  this  purpose  it  will  be  sufficient  to  consider  the  material 
homogeneous  and  the  modulus  constant  within  the  range  of  stress,  so 
that  the  ordinary  formulas  will  apply. 

The  average  pressure  (Table  5)  is  indicated  in  the  column  headed 
"Average  pressure  per  square  inch,"  and  the  maximum  fiber  stress  in 
tension  and  compression  in  the  columns  headed  Pj  and  p.,.  Case  I 
refers  to  the  assumption  of  constant  thickness,  Case  II  to  the  abut- 
ment one  and  one-half  times  the  thickness  at  the  crown,  and  Case  IH 
to  the  abutment  twice  the  thickness  at  the  crown. 


TABLE  5. — IJnit  Stresses — Vertical  Loads  Only. 


Crown. 


Total  M. 
in  foot- 
poimds. 

Total  r, 

in 
pounds. 

M 
H 

1     Average 
pressure,  in 
pounds  per 
square  inch. 

Pi 

1 
1 

P2 

Case  I     

45  447 
37  418 
27  931 

25  487 

27  158 

j       28  381 

21.36  in. 
16.56  " 
11.76  " 

88 
94 

1           ^ 

1 
+  558 
+  483 
+  390      1 

—  382 

—  295 

—  192 

Case  11 

Case  111 

40°  Point. 


Springing. 


Total  M. 

Total  T. 

M 
T 

Average 
pressure,  in 
pounds  per 
square  inch. 

Pi 

Case  I 

138  648 
169  521 
198  644 

49110 
48  892 
48  710 

33.88  in. 
41.61    " 
48.94  " 

85 
85 
85 

+  442 
+  527 
+  605 

Case  II 

Case  LU 

Total  M. 

Total  H. 

Total  T. 

M 
t 

Average 

pressure. 

in  pounds 

per  square 

inch. 

Pi 

Ps 

Case  I....        45  447 
Case  11...        46  110 
CaseUI..        44  467 

25  487 

27  158 

28  381 

38  524 

39  678 

40  416 

14.16  in. 
13.94   " 
13.20  " 

112 
115 
117 

+  444 
+  4.')0 
+  440 

—  220 

—  220 

—  206 

Po 


275 
357 
4a5 
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Apparently,  Case  I  gives  stresses  which  are  too  large  at  the  crown 
and  too  small  at  the  abutment,  while,  at  the  40°  point,  there  is  little 
variation  for  the  three  cases.  To  include  the  effect  of  the  horizontal 
earth  pressure  would  reduce  the  stresses  and  materially  increase  the 
stability  of  the  arch,  as  will  be  seen  from  the  following  table: 

Unit  Stresses  Due  to  Vertical  Dead  akd  Lr\E  Load  and  Horizontal 

Dead  Load. 


Total  M, 
in  foot- 
pounds. 

Total  T, 

in 
pounds. 

M 
T 

Average 
pressure,  in 
pounds  per 
square  inch. 

Pi 

i>2 

Crown    

40° 

+  30  925 
36  861 
95  029 

29  733 
41136 
49110 

12.48  in. 
10.75  " 
553.22   " 

103 
120 
85 

+  420 
+  389 
+  332 

—  216 

—  149 

Springing 

—  161 

The  advantage  of  reinforcement  in  semicircular  arches  is  very 
clear  since  the  determining  factor  in  the  design  is  not  the  compressive 
but  the  tensile  stress. 

Summary. — The  general  effect  of  increasing  the  thickness  of  the 
arch  ring  toward  the  abutment  is  equivalent  to  shortening  the  span, 
that  is,  decreasing  the  bending  moments  except  at  the  abutment,  and 
increasing  the  horizontal  thrust. 

If  the  horizontal  earth  pressure  is  equal  to  one -third  of  the  ver- 
tical, the  bending  moments  due  to  vertical  and  horizontal  earth  loads 
will  practically  balance  each  other. 

The  bending  moments  being  large,  compared  with  the  thrust, 
economy  of  material  is  secured  by  taking  care  of  the  tensile  stress  with 
reinforcement  rather  than  by  increasing  the  ring  thickness. 

Bending  moments  of  either  sign  may  occur  throughout  the  span, 
making  a  single  line  of  reinforcement  impractical. 

Back-filling  the  arch  may  cause  greater  fiber  stresses  than  the  live 
load,  and  should  be  given  consideration  in  the  design. 

The  author  is  deeply  indebted  to  Mr.  A.  P.  Clark  for  assistance 
in  carrying  out  the  tedious  computations  involved  in  making  the 
tables,  also  for  many  valuable  suggestions. 
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THE  EFFECT  OF  TEMPERATURE  CHANGES 
ON  MASONRY.* 

By  Charles  S.  Gowen,  M.  Am.  Soc.  C.  E. 


With  Discussion  by  Messrs.  George  G.  Honness^  Thaddeus  Merriman, 
William  Lowe  Brown^  and  Charles  S.  Gowen. 


The  very  great  increase  in  the  use  of  Portland  cement  during  the 
past  fifteen  years  has  resulted  in  the  design  and  building  of  structures 
of  dimensions  which  would  not  have  been  deemed  practicable  at  an 
earlier  period.  The  general  use  of  Portland  cement  concrete,  with 
or  without  steel  rods,  or  in  connection  with  heavy  stones  to  form 
''Cyclopean"  masonry,  is  familiar  to  ail.  As  a  result,  more  compact, 
denser  and  stronger  masonry  is  being  built,  particularly  in  hydraulic 
construction  work,  than  ever  before.  The  effect  of  temperature 
changes  upon  masonry  walls  built  along  such  or  similar  lines  has  been 
noticeable  in  many  structures,  and,  of  course,  has  caused  investiga- 
tion by  numerous  engineers.  It  is  obvious  that  the  larger  and  more 
exposed  the  structure,  and  the  denser  and  more  compact  the  masonry, 
and  the  stronger  the  cement  of  which  the  mortar  is  made,  the  greater 
will  be  the  likelihood  of  rupture  and  other  noticeable  results  from 
temperature  changes.    The  common  result  of  such  changes  is  shown  in 

*  Presented  at  the  meeting  of  May  20th,  1908. 
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cracks,  of  greater  or  less  size  and  extent,  according  to  circumstances. 
The  writer  has  some  data  derived  from  the  observation  of  such  cracks, 
which  may  be  of  interest. 

Such  results,  in  the  writer's  opinion,  are  chiefly  due  to  the  varia- 
tions in  temperature  of  the  outside  air.  However,  it  is  a  well-estab- 
lished fact  that  Portland  cement  mortar,  in  setting,  is  likely  to  cause 
increase  in  the  internal  temperature  of  masonry  structures.  Heavy 
masses  of  such  masonry  are  peculiarly  subject  to  such  influences, 
which  may  continue  for  a  long  time,  though  lessening  in  degree,  until 
the  final  set  of  the  mortar  has  taken  place.  Laboratory  tests  show 
activity  on  the  part  of  such  mortars  for  four  or  five  years  at  least, 
and  the  mortar  used  in  construction  must  be  subject  to  similar  laws 
of  change. 

There  are,  moreover,  the  changes  in  such  masonry  due  to  the 
gradual  drying  out  of  the  moisture  in  the  work,  and  the  tendency  to 
shrinkage  as  setting  continues  in  the  open  air.  This  element  of  change 
cannot  be  ignored  in  any  discussions  or  conclusions  which  investiga- 
tions regarding  temperature  changes  simply  may  seem  to  warrant, 
although  it  may  be  maintained  that,  in  the  case  of  high-breaking  and 
quick-setting  Portland  cement,  the  larger  part  of  the  moisture  not  re- 
quired for  the  purposes  of  crystallization  is  driven  out  of  the  masonry 
in  the  first  stages  of  setting,  and,  therefore,  is  not  an  important  factor 
in  the  results  that  follow  during  the  aging  of  the  masonry.  An  ex- 
tended set  of  observations  with  thermophones  might  throw  some  light 
on  these  points,  but  the  writer  has  not  at  his  command  any  reliable 
records  of  this  kind  to  cite.  It  is  extremely  desirable  that  such  in- 
formation, if  it  exists,  should  be  made  generally  available. 

During  the  construction  of  the  New  Croton  Dam,  various  cracks 
in  the  masonry  sections  occurred,  and  in  some  cases  means  were  taken 
to  measure  their  widths  and  variations  with  the  changing  seasons. 
These  observations  were  carried  on  as  long  as  circumstances  per- 
mitted, and,  in  the  case  of  two  cracks  in  particular,  one  of  which  de- 
veloped in  the  top  of  the  finished  overflow  section,  the  observations 
lasted  for  about  two  years. 

The  proflle,  Plate  XLVII,  shows  the  masonry  outline  of  the  New 
Croton  Dam,  in  which  the  cracks  observed  were  located.  These  cracks 
were  first  noted  for  investigation  in  the  fall  and  early  winter  of  1901-02, 
and  brass  bolts  were  placed,  one  on  each  side  of  the  cracks  in  question, 
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and  about  11  in.  apart.  The  tops  of  the  bolts  were  carefully  surfaced 
and  marked,  and  readings  of  the  distances  between  the  marks  were 
made  with  a  scale  graduated  to  sixtieths  of  inches.  By  using  a  read- 
ing-glass, these  readings  were  estimated  to  t^ho  in. 

The  profile  shows  the  location  of  these  cracks  and  their  designa- 
tions, as  follows : 

Crack  A,  Bolt  Set  1 

B,  "       "    2 

C,  "       "    3 

D,  "       "    4 

E,  "       "    5 

F,  "       "    6 

The  diagram,  Plate  XLVIII,  shows  the  observed  readings  plotted 
for  Bolt  Sets  1,  2,  3,  and  5.  The  readings  for  Sets  4  and  6  were  not 
plotted,  as  these  were  observed  only  from  January  to  April,  1902.  It 
will  be  noted  that  the  readings  on  Sets  1  and  2  extend  over  a  period 
of  nearly  two  years.  The  other  observations  were  of  much  shorter 
duration. 

Near  Bolt  Set  1  a  third  bolt  was  placed  in  the  masonry  Y6  ft. 
away.  Between  this  and  the  nearest  bolt  of  the  set  there  was  no 
crack  in  the  masonry,  if  the  hair  cracks  showing  in  the  close  masonry 
jointing  of  the  cut  stones  are  excepted.  These  developed  as  the  joint 
mortar  gradually  set,  and  more  particularly  in  the  joints  of  the  upper 
or  coping  course,  which  was  very  heavy,  the  stones  averaging  7  ft.  in 
length,  2i  ft.  in  rise  and  3  ft.  in  width,  in  this  case  the  width  being 
assumed  as  the  dimension  in  the  direction  of  the  overflow  length. 

A  bolt  was  similarly  placed  48  ft.  away  from  Bolt  Set  4  and 
one  about  100  ft.  away  from  Set  5.  It  was  planned  to  measure  these 
lengths  of  masonry  ^t  frequent  intervals  in  order  to  compare  the 
results  with  the  curve  of  mean  atmospheric  temperature.  The  results 
of  these  measurements  and  the  temperature  curve  are  also  shown  on 
Plate  XTjVHI,  from  which  are  derived  Tables  1,  2,  and  3. 

As  Bolt  Set  2  was  placed  to  measure  the  possible  motion  of  a 
stone  creeping  on  its  bed,  or  the  motion  resulting  from  a  horizontal 
crack  at  the  foot  of  a  rack;  and  as  Set  3  was  placed  to  measure  the 
motion  or  change  due  to  a  combined  vertical  and  horizontal  crack  near 
the  foot  of  a  rack,  the  differences  as  compared  with  each  other  and 
with  the  results  for  Sets  1,  4,  5,  and  6  are  interesting. 
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TABLE  1.— Extreme  Differences  in  Widths  of  Cracks  Observed, 
AND  the  Extreme  Differences  in  Observed  Temperatures. 


00  ^ 


Date. 


Jan.  16th, 
Sept.  2d. 
Feb.  20th. 
July  30th, 
Jan.  6th. 


1902. 

1902. 
1903. 
1903. 
1904. 


Feb.  8th, 

1902 

July  10th, 

1902 

Aug.  5th, 

1902 

Feb.  20th, 

1903 

July  30th, 

1903 

Jan.  5th, 

1904 

Feb.  5th-15th,   1902. 
June  3d-7th,      1902. 


Feb.  llth-atth,  1902. 
May  8th,  1902. 


D  1)  S 

ja-C 
0<3 


17 
70 


:Bfl 


a  * 

■~  ^o 
M  ®  » 

D  l>  h 

«  3x: 
S  *  »,' 


479.0 
473.5 
478.4 
473.8 
479.7 


256 

256 

257.6 

255.9 

257.8 


427.2 
424.0 


20      .     477.0 
63      '    472.8 


Differences  in 

Scale  Readings 

ON  Bolts: 


58 


53 


5.9 
Sum. 
Mean. 


2.0 

1 

i      ^"^ 

I      ^'^ 

1.9 

Sum. 
Mean. 


3.2 


4.2 


Inches. 


5.5  0.0917 
4.9  0.0817 

4.6  0.0767 


0.0983 


0.3484 


0.0871 


0.0333 

0.0267 
0.0283 
0.0317 


0.1200 


0.0300 


0.0533 


0.0700 


0.00213 
0.0016:3 
0.00124 
0.00135 


0.00635 


0.00159 


0.00057 

O.OOWO 
0.00045 
0.00!>40 


0.00182 


0.00045 


0.00100 


0.00163 


The  maximum  variation  in  the  width  of  the  cracks,  as  shown  by 
the  measurements  of  Set  1,  was  0.098.3  in.,  or  about  to  in. 

Reference  to  Plate  XTAlll  will  show  how  closely  the  changes  in 
these  crack  curves,  1,  2,  3,  and  5,  follow  the  curve  of  mean  tempera- 
ture. 

This  curve  of  mean  temperature  is  derived  from  mean  daily  tem- 
peratures from  four  observations  per  day,  including  the  maximum  and 
minimum  readings  of  the  thermometer  on  each  day. 
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TABLK  2. — Extreme  Differences  in  tin;  \N  idtiis  of  the  Cracks 
Observed,  and  the  Observed  Temperatures,  as  Being  the 
Mean  in  Certain  Cases  of  Several  Days'  Observation. 


o 

p 
25 

Date. 

G  ttiZ 

>  .-a 

<r  0)  a! 

Ort 

Scale  readings  on 

bolts,  in  sixtieths 

of  an  inch. 

Differences  in 

temperature,  in 

degrees,  Fahrenheit. 

Differences  in 

SCApE  READINGS 

ON  bolts: 

•enoes  in  scale 
ings  on  bolts 
r  degree  of 
rence  in  tem- 
ure,  in  inches. 

s'ff  in. 

Inches. 

5^   -1 

f 

Jan.  14th-18th,  1902 

20 
6:^ 
10 
70 
0 

479.0 
473.5 
478.4 
473.8 
479.7 

0.0917 
0.0817 
0.0767 
0.0983 

Sept.  2d,             1902 

43           5.5 
53            4.9 
60            4.6 
70            5.9 

Sum. 

Mean. 

0.00213 

1-i 

Feb.  20th             1903 

0.00154 

I 

July  14th-Aug.  14ih,  '03 

0.00128 
0.00140 

0.3484 

0.00635 

0.0871 

0.00159 

Feb.  4th-8th.      1902 

12 
70 
73 

10 

258 
256 
256 
257.6 

o.oas3 

0.0267 
0.0883 
0.0317 

2 

July  lst-12th,     1902 

Aug.  5th,             1902 

Feb.  20th,            1903 

58 
63 

2.0 
1.6 

0.00057 
0.00042 

July  15th- Aug.  5th,  '03 

65 

55      i       1.7 
255.9                 ; 

65      '      1.9 
257.8  ;              ; 

Sum. 

0.00052 
0.00049 

0.1200 

0.00200 

Mean. 

0.0300 

0.00050 

«1 

Feb.  8th-18th,  1902 20 

Apr.  16th,          1902 44 

24 

1.9 

0.0317 

0.00132 

-1 

Jan.  18th,  1902 22 

Apr.  16th,    1902 44 

22 

2.4    i      0.0400 

0.00182 

Plate  XL VIII  has,  also,  in  connection  with  the  curve  of  mean 
temperature,  a  curve  showing  the  measured  length  of  the  mass  of 
masonry  adjoining  Bolt  Set  1,  about  76  ft.  long.  This  curve  is  in- 
tended to  show  the  variations  in  length  of  this  masonry  mass  due 
to  changes  of  temperature.  The  various  lengths  were  obtained  as 
often  as  possible — about  once  a  week — and  the  observations  cover  more 
than  two  years.  Lengths  were  obtained  by  careful  measurements 
with  a  steel  tape,  read  to  toVo  f^-j  under  a  uniform  strain  or  stretch. 
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TABLE  3.— Movements  or  Variations  in  Widths  of  Cracks 
PER  Degree  of  Temperature  Change,  Based  upon  the 
Extreme  Differences  Observed  in  Tables  1  and  2. 


Number  of 
Bolt  Set. 

Inches  per  degree, 
Fahrenheit. 

1.. 
6.. 
4.. 

0.00159 
0.00132 
0.00182 
0  00163 

Sum 

0.00636 

Mean 

0.00159 

2.. 

0.00050 

3 

0.00100 

- 

and  corrected  for  its  temperature,  assumed  to  be  that  of  the  air  at 
the  time  the  measurement  was  taken.  These  observed  lengths  were 
reduced  to  the  lengths  due  to  a  temperature  of  50°  fahr.,  and  the 
differences  in  measured  lengths  between  the  bolts  resulting  are  as- 
sumed to  be  due  to  the  varying  length  of  the  masonry  mass.  On 
Plate  XLVm  the  ordinates  show  these  differences  in  length  per  foot 
of  masonry  measured,  from  time  to  time  of  measurement,  reduced 
and  plotted  to  i  ooo  ooo  ft. 

It  will  be  noted  that  this  curve  or  diagram  follows  the  temperature 
curve  closely,  and,  as  might  be  expected,  shows  a  varying  length  of 
the  masonry  mass  due  to  temperature  changes.  This  length  of 
masonry  measured  was  the  crest  of  the  overflow,  the  bolts  being 
placed  on  the  second  course,  or  first  step  down  (see  point  marked 
Bolt  Set  1  on  Plate  XLYII),  and  is  composed  of  very  heavy  blocks 
of  first-class  masonry,  as  previously  described,  with  close  joints  and 
some  small  proportion  of  backing  of  rubble  masonry  in  mortar. 

To  what  extent  the  enlarging  section  below  the  level  of  measure- 
ment, with  its  increasing  proportion  of  rubble  masonry  backing, 
may  have  affected  these  changes  is,  of  course,  problematical. 

It  is  realized  that  such  a  mode  of  measuring  a  mass  of  masonry 
is  crude,  but  it  was  the  only  available  way,  and  dependence  is  placed 
upon  the  number  of  observations  and  the  consistency  shown  in  the 
results,  rather  than  in  any  very  great  degree  of  accuracy  in  the 
method  followed,  although  such  accuracy  would  have  been  desirable. 
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Table  4  shows  the  extreme  variations  in  length  per  foot  of  meas- 
ured mass,  in  comparison  with  temperature  variations  as  shown  in 
the  curve.  ^^^^^^  4_ 


a 

Date. 

Variation, 
feet. 

Feb.  8th,  1902.... 

-0.000035 

.A.ug.  nth,  1903.. 

4-0.000180 

Feb.  20th,  1903... 

—0.000010 

July  30th,  1S03... 

+0.000150 

Jan.  5th,  1904.... 

-0.000070 

Difference  between 

extremk  variations  of 

temperature  and 

length: 


Degrees. 


12 
73 
12 
73 
0 


Feet. 

0.000215 
0.000190 
0.000160 
0.000220 

Sum. 

Mean. 


Variations 

in  length  per  foot 

per  degree, 

in  feet. 


0.00000352 
0.00000311 
0.00000264 
0.00000300 


0.00001227 


0.00000307  per  foot  per  degree. 


The  result  shown  in  Table  4  indicates  that,  in  the  case  of  massive 
cut-stone  or  dimension-stone  masonry,  influenced  to  an  indeterminate 
extent  by  a  backing  of  rubble,  all  very  compactly  laid  with  Portland 
cement  mortar,  the  rate  of  expansion  is  about  haK  of  that  gen- 
erally accredited  to  steel.  To  what  extent  the  figured  change  of  length 
on  which  this  result  is  based  may  be  due  to  the  gradual  drying  out 
of  the  masonry  as  it  grew  older  and  therefore  less  sensitive  to  changes 
of  moisture  is,  of  course,  a  question.  Possibly  the  higher  coefficients 
(the  first  two  in  Table  4)  may  be  due  in  a  measure  to  this. 

That  such  a  coefficient  derived  by  such  means  would  be  influenced 
also  by  the  varying  interior  temperature  of  the  masonry  due  to  its 
gradual  attainment  of  a  final  set  is  also  evident.  Unfortunately,  no 
observations  bearing  upon  this  point  are  available.  A  number  of 
thermophones  were  installed  at  various  times  in  the  dam  masonry,  but 
the  results  obtained  from  them  were  not  reliable. 

While  the  results  deduced  above  may  not  be  conclusive,  in  so  far  as 
indicating  a  coefficient  of  expansion  for  massive  masonry,  the  writer 
submits  them  as  approximate  and  not  illogical  in  their  derivation. 
The  variations  in  the  crack  widths  and  their  correspondence  with 
the  temperature  changes  are  sufficiently  conclusive,  however,  as  to 
the  immediate  influence  that  comparatively  small  variations  in  tem- 
peratures have  on  masonry  walls;  and  the  deduced  coefficient  of  ex- 
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pansion,  when  considered  in  relation  to  the  variations  in  the  widths 
of  the  measured  cracks,  does  not  seem  to  be  inconsistent.  The  ex- 
perience at  the  New  Croton  Dam  indicates  that  in  that  climate 
the  range  in  temperature  is  not  sufficiently  great  to  cause  visible 
cracks  in  masonry  masses  more  than  40  ft.  thick  and  less  than  40  ft. 
long,  and  experience  shows,  further,  that  in  thinner  masses  cracks 
are  not  likely  to  occur  at  intervals  of  less  than  40  ft.  Whether  the 
"pull"  developed  in  a  mass  of  solid  compact  masonry  less  than  40  ft. 
thick  and  less  than  40  ft.  long,  due  to  a  maximum  change  of  tem- 
perature, is  insufficient  to  change  the  actual  length  of  the  structure, 
or  whether,  in  other  words,  the  mass  continues  rigid  under  the  in- 
ternal strains  developed,  may  be  a  question,  but  it  seems  evident  that 
a  length  of  narrow  wall  76  ft.  long  did  vary  in  actual  length  in  close 
accordance  with  temperature  changes,  and  that  these  variations  pro- 
duced no  visible  cracks  in  the  mass.  As  to  the  other  masses,  48  and 
100  ft.  in  length,  respectively,  which  were  of  rubble  masonry  in 
mortar  and  which  it  was  proposed  to  measure  in  a  way  similar  to 
that  used  for  the  76-ft.  length,  circumstances  did  not  allow  a  con- 
tinued series  of  measurements,  and  those  obtained  were  too  few  to 
afford  any  conclusive  results. 

Homer  A.  Reid,  Assoc.  M.  Am.  Soc.  C.  E.,  in  his  recently  published 
book  on  reinforced  concrete,*  gives  several  coefficients  of  expansion 
of  stone,  mortar,  concrete,  etc.,  and  these  have  been  collated  in 
Table  5. 

TABLE  .5. — CoEFFiciEXTs  of  Expa>s\sion  OF  Stone,  Mortak, 
Concrete,  Etc. 


Authority.  '  Material. 


Coeflacient. 


r.        .                                                      )   Neat  Portland  cement . 
Bonniceau,                                          I  Mortar  (1-2) 
Aymales  des  Fonts  et  Chaiis.iees.  ^  Concrete  '     


Christophe.  .  'Iconcrete \ 

Le  Befon  Arme t  / 

Sir  A.  R.  Binnie,  i  Concrete  (1:4)  beam  100  ft.  long  and  1  ( 

Mill,  of  Froc.  Inst.  C.  E \       ft.  square i 

W.  D.  Pence,  M.  Am.  Soc.  C.  E.,       i   Broken-stone  concreted  :2:4)  6  x  6  X  24-in. 

Purdue  Univ i' '        "         •'  '  "     4  x  4  X  aO-in. 

Gravel  concrete  (1:2:4)  (  in.  bars i 

(1:5)    (24  to  36  in.  long  "i 
Professor  Halloek.  I  Iponrret/.^  (1=2:5)  I 

Columbia  Univ ,- 1 Concrete  ,   ^,.2)    ( 

I  Granite  "  Aberdeen  " 

Professor  Dana -         "       Native 

\   Limestone 


0.00000594 
0.00000655 
0.00000795 
0.00000667 

to 
0.00000805 

0.000004355 

0.0000054 
0.0000056 

0.0000054 

0.00000608 

0.0000044 
0.0000048 
0.0000057 


*  "  Concrete  and  Reinforced  Concrete  Construction." 
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Myron  S.  Falk,  Assoc.  M.  Am.  Soc.  C.  E.,  in  his  work  on  con- 
crete,* gives,  in  addition  to  some  of  the  data  in  Table  5,  the  following: 
By  Professor  Lyford,  of  the  Worcester  Polytechnic,  for  concrete  bars, 
0.0000056  and  0.0000064. 

It  would  seem  that  Sir  A.  K.  Binnie's  results  may  be  considered 
the  most  reliable  of  the  foregoing,  as  far  as  concrete  is  concerned, 
as  they  were  made  on  by  far  the  largest  scale,  and,  in  addition,  ex- 
tended over  a  period  of  two  years,  during  which  constant  observations 
of  the  changes  were  made.  It  must  be  borne  in  mind  that  the  coeffi- 
cient, 0.0000030,  derived  by  the  writer,  is  for  heavy  granite  masonry 
with  a  minimum  of  joint  space  and  surface,  while  Professor  Dana 
gives  for  granite  0.0000044  and  0.0000048,  A  mass  of  jointed  masonry 
showing  many  hair  cracks  due  to  shrinkage  might  be  expected  to  have 
a  smaller  coefficient  of  expansion  than  the  granite  of  which  it  is 
mainly  composed. 

The  following  descriptions  of  the  cracks  measured  will  be  of 
interest : 

A. — This  crack  developed  in  the  winter  of  1900-01,  the  masonry 
having  been  built  and  finished  in  the  season  of  1900.  It  is  a  vertical 
crack  in  the  joints  between  the  coping  and  facing  stones  on  both 
up-stream  and  dowm-stream  faces  of  the  overflow,  and  extends  from 
14  to  17  ft.  down  from  the  top  of  the  coping.  In  its  length  is  a 
facing  stone  on  the  down-stream  side  or  face  cracked  or  ruptured 
vertically. 

B. — This  crack  developed  at  the  same  time  as  A.  It  is  at  the 
foot  of  a  rack  left  for  a  temporary  opening  in  the  masonry,  and 
shows  on  the  up-stream  face  as  a  fine  horizontal  crack  in  the  bed 
joint  of  the  lower  facing  stone  of  the  rack.  Below  this  course  lay  a 
continuous  course  of  facing  stones  laid  five  years  before  the  masonry 
above.  This  horizontal  crack  was  about  4  ft.  long  on  the  up-stream 
face  and  could  be  traced  as  a  hair  crack  across  the  dam  section  under 
V  the  lowest  hearting  course  of  the  rack  to  the  down-stream  face. 

The  brass  bolt.  Set  2,  was  placed  in  the  continuous  course  of  the 
up-stream  facing  at  this  point,  within  2  in.  of  the  end  of  the  facing 
stone  under  which  the  crack  was  noted. 

C. — This  crack  developed  in  the  winter  of  1901-02.  It  shows  on  the 
up-stream  side  of  the  dam   as   a   vertical  crack   in  the  facing  stone 

*  "  Cements,  Mortars  and  Concretes." 
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joints  extending  down  two  courses,  about  4  ft.,  and  then  horizontally 
under  the  second  course  for  about  5  ft.  It  was  traced  across  the 
dam  section  as  a  hair  crack  under  the  lower  course  of  the  hearting 
stone  of  the  rack,  losing  itself  in  the  joints  of  the  down-stream  facing 
stone,  where,  however,  a  knife  could  be  run  into  the  joint.  Later, 
the  course  of  stones  on  the  face  of  the  rack  under  which  the  crack 
showed  was  taken  out,  and  it  was  found  that  then  the  crack  pinched 
out,  no  further  trace  being  visible.  Two  brass  bolts  (Set  3),  one  on 
each  side  of  this  crack  on  the  up-stream  side,  were  placed  in  February, 
1902. 

D. — This  crack  developed  in  the  winter  of  1901-02.  It  extended 
down  20  ft.  on  the  up-stream  side  vertically  following  the  joints  be- 
tween the  facing  stones,  except  that  one  stone,  two  courses  down, 
was  found  cracked.  On  the  down-stream  side  the  crack  could  be 
traced  as  a  hair  crack  in  the  joints  for  nearly  the  same  distance 
down  vertically.  The  crack,  of  course,  extended  across  the  top  of 
the  masonry.  Two  brass  bolts  (Set  4)  were  placed,  one  on  each  side 
of  the  crack  on  the  top  of  the  up-stream  facing  course.  The  heart- 
ing of  the  dam  on  either  side  of  this  crack  was  dug  out  in  June, 
1902,  to  a  depth  of  13  ft.  The  crack  was  still  traced,  however,  at  the 
bottom  of  this  hole,  as  crossing  the  dam  section  and  showing  in 
the  mortar  joints.  The  hole  was  tested  by  filling  it  with  water  before 
the  masonry  was  rebuilt,  and  a  slight  seepage  was  noticeable  on  the 
up-stream  face  of  the  dam,  20  ft.  down. 

,  E. — This  crack  developed  in  the  winter  of  1901-02.  It  is  a 
vertical  crack  extending  across  the  dam  and  down  about  18  ft.  on 
both  up-  and  down-stream  faces,  showing  two  cracked  facing  stones 
in  each  face.  Two  brass  bolts  (Set  5)  were  placed,  one  on  each 
aide  of  this  crack  on  top  of  the  up-stream  facing  course.  The 
crack  was  dug  out  to  a  depth  of  4  ft.,  but  showed  no  traces  in  the 
hearting  masonry  at  this  depth.  It  was  dug  out  in  June,  1902,  and 
the  hole  held  water  when  filled. 

F. — This  crack  developed  in  the  winter  of  1901-02.  It  is  a  vertical 
crack  extending  across  the  dam  and  down  5  or  6  ft.  on  both  faces, 
in  the  joints  of  the  facing  stone.  A  brass  bolt  (Set  6)  was  placed 
at  this  crack. 

The  lessons  taught  by  these  and  other  cracks  may  be  summarized 
as  follows: 
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The  more  compact  the  masonry  the  greater  the  likelihood  of  cracks 
due  to  changes  in  temperature. 

The  localization  and  extent  of  such  cracks  are  due  primarily  to 
the  differences  occurring  in  sectional  areas.  These  arise  from  carry- 
ing on  the  masonry  work  in  racks  or  other  unequal  elevations  of 
progress  in  the  masonry,  or  from  changes  in  section  due,  for  exam- 
ple, in  the  case  of  dams,  to  buttresses,  gate-houses,  angles,  etc.,  and 
they  develop  along  straight  lines.  At  the  New  Croton  Dam,  in  the 
curve  forming  part  of  the  overflow,  no  cracks  were  found  during  its 
construction. 

If  these  inequalities  in  sectional  areas  result  as  they  are  bound 
to  do  in  many  cases,  in  a  varying  sectional  mass  of  masonry  laid  in 
warm  weather  or  summer  and  particularly  if  this  is  unprotected  by 
masonry  laid  above  it  later  in  the  season,  then  the  most  pronounced 
cracks  are  likely  to  occur. 

Temperature  changes  affect  to  the  greatest  extent  masonry  laid 
in  warm  weather,  and  it  is  important,  in  order  to  diminish  the  extent 
of  temperature  cracks  to  the  minimum,  to  carry  such  masonry  up 
in  fuirly  level  layers  and  to  cover  it  with  as  much  masonry  as  possible 
by  steady  progress  in  the  colder  months. 

Changes  in  section  of  masonry  structures  are  bound  to  produce 
cracks  within  certain  limits,  and  their  extent  depends  upon  the 
amount  of  the  sectional  change  and  the  time  of  year  the  masonry  is 
laid.  A  dam  or  wall  of  uniform  section  and  height  carried  up  uniformly 
from  one  end  to  the  other  should  show  temperature  cracks  at  regular 
intervals,  their  extent,  width,  and  spacing  depending  upon  the  time 
of  year  in  which  the  masonry  is  laid. 

That  cracks  can  be  avoided  to  an  extent  by  following  rules  derived 
from  the  above  is  evident.  If  uniformity  of  conditions  of  building, 
however,  cannot  be  maintained  during  construction,  cracks  can  be 
provided  for  by  vertical  slip  joints  at  the  proper  places,  extending 
through  the  wall,  with  proper  returns  or  grooves  to  break  joint,  and 
treated  with  coal-tar,  asphalt,  or  in  other  ways  that  might  suggest 
themselves. 

In  conclusion  the  writer  wishes  to  make  suitable  acknowledg- 
ments to  the  New  York  Aqueduct  Commission,  in  whose  service  he 
was  at  the  time  the  data  were  obtained  from  which  the  foregoing 
results   have   been    derived. 
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DISCUSSION. 


Mr.  Honness.  George  G.  Honness,  Assoc.  M.  Am.  Soc.  C.  E. — The  Speaker  is 
glad  that  the  subject  of  the  effect  of  temperature  changes  ou  masonry 
has  been  brought  before  the  Society,  and  wishes  to  add  his  observa- 
tions of  such  effects  on  large  masonry  structures  which  have  been 
under  his  supervision,  in  the  hope  that  such  information  may  lead  to 
methods  of  caring  for  the  resulting  temperature  cracks. 

In  addition  to  the  more  general  use  of  Portland  cement  and  the 
resulting  character  of  masonry,  it  seems  likely  that  the  greater  rapidity 
of  construction  attained  in  recent  years  is  another  factor  which  has 
led  to  the  more  frequent  and  noticeable  development  of  temperature 
cracks,  because  of  the  probably  greater  range  of  temperature  caused 
by  the  retention  of  the  heat  generated  by  the  setting  mass  of  masonry, 
which  heat  must,  of  necessity,  be  retained  for  longer  periods. 

As  an  example  of  the  progress  of  laying  masonry  a  few  years  ago, 
compared  with  the  present  practice,  the  following  is  cited : 

"At  the  Sodom  Dam,  near  Brewster,  N.  Y.,  in  the  Croton  water- 
shed, the  maximum  monthly  progress  was  3  000  cu.  yd.,  this  being 
rubble  masonry,  laid  partly  in  American  and  partly  in  Portland 
cement.  At  the  Titicus  Dam,  at  Purdys  Station,  N.  Y.,  also  in  the 
Croton  water-shed,  the  maximum  monthly  progress  was  5  700  cu.  yd., 
the  character  of  the  masonry  being  the  same  as  at  the  Sodom  Dam. 
At  the  Boonton  Dam,  Boonton,  N.  J.,  the  maximum  monthly  progress 
was  21  000  cu.  yd.,  and  at  the  Cross  River  Dam,  Katonah,  N.  Y.,  the 
maximum  monthly  progress  was  18  400  cu.  yd." 

The  two  structures  of  hydraulic  masonry  which  the  speaker  has 
had  an  opportunity  to  observe  closely  are  the  Boonton  Dam  and  the 
Cross  River  Dam. 

The  Boonton  Dam. — The  Boonton  Dam,  at  Boonton,  N.  J.,  is  built 
of  Cyclopean  masonry,  the  down-stream  face  being  ashlar,  above  the 
lines  of  refilling,  and  the  up-stream  face,  rubble  masonry.  In  all,  about 
255  000  cu.  yd.  of  masonry  were  required  for  this  structure,  Portland 
cement  being  used  exclusively. 

In  the  season  of  1902,  from  May  20th,  84  000  cu.  yd.  were  placed ; 
in  1903,  134  000  cu.  yd.,  and  in  1904,  37  000  cu.  yd. 

No  cracks  in  the  dam  were  discovered  in  the  winter  of  1902-03, 
which  is  probably  accounted  for  by  the  fact  that  the  masonry  laid  in 
the  season  of  1902  was  all  placed  in  the  lower  portions  of  the  dam  sec- 
tion where  the  width  was  great  enough  to  withstand  the  stresses  due 
to  the  ranges  of  temperature,  and,  to  some  extent,  for  the  additional 
reason  that  a  layer  of  masonry  was  laid  over  the  entire  portion  of  the 
dam  then  under  construction  in  the  colder  months. 

In  the  second  and  third  winter  seasons,  however,  numerous  vertical 
cracks  developed.     There  was  no  regularity  in  the  distance  between 
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Fig.  1.— Down-Stream  Face  of  Cross  River  Dam. 


Fig.  2.— Up-Stream  Face  of  Cross  River  Dam. 
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the  cracks,  and  in  no  place  were  there  any  evident  signs  of  horizontal  Mr.  iionne«s. 

cracking.     The  "racks,"  which  seemed  to  be  unavoidable,  apparently 

had  no  influence  on  the  location  or  the  number  of  cracks.     The  largest 

cracks  were  near  the  ends  of  the  dam,  and  at  least  six  of  them  leaked 

a  considerable  quantity  of  water,  which  leakage  materially  diminished 

in  the  summer  months,  but  did  not  cease  entirely. 

No  effort  of  any  kind  was  made  to  treat  these  cracks  or  to  diminish 
the  leakage. 

By  measurement  and  estimation,  the  total  width  of  all  the  cracks 
on  top  of  the  dam  was  3^  in.,  and  the  largest  ones  could  be  traced 
down  the  face  of  the  dam  for  a  distance  of  60  ft.  from  the  top. 

Thermophones  were  embedded  at  different  points  in  the  dam  sec- 
tion, and  some  interesting  data  regarding  the  interior  temperatures 
of  a  large  mass  of  masonry  were  obtained.  Thaddeus  Merriman, 
Assoc.  M.  Am.  Soc.  C.  E.,  who  was  Principal  Assistant  Engineer  on 
this  work,  has  made  an  analysis  of  the  data  obtained  from  these 
thermophone  records  and  of  the  temperature  cracks  in  this  dam. 

Cross  River  Dam. — The  Cross  River  Dam  is  built  of  cyclopean 
masonry  and  faced,  both  up  stream  and  down  stream,  with  concrete 
blocks.  Fig.  1,  Plate  XLIX,  is  a  view  of  the  down-stream  face  from 
the  south  end,  and  Fig.  2,  Plate  XLIX,  of  the  up-stream  face,  showing 
the  waste-weir  and  gate-house. 

In  all,  158  000  cu.  yd.  of  masonry  were  required,  Portland  cement 
being  used  exclusively. 

The  upper  30  ft.  of  the  dam  was  reinforced  with  1^-in.  square 
twisted  rods,  or  rods  of  equivalent  area.  They  were  placed  in  six  hori- 
zontal layers,  laid  longitudinally  and  hooked  together  at  the  ends  by 
right-angled  bends.  Plate  L  show.s  the  rods  of  the  second  layer 
in  place,  and  Fig.  2,  Plate  LII,  their  location.  The  number  and 
position  of  these  rods  were  fixed  by  the  Chief  Engineer,  Walter  H. 
Sears,  M.  Am.  Soc.  C.  E.,  and  W.  H.  Burr,  M.  Am.  Soc.  C.  E.,  of  the 
Aqueduct  Commission.  It  was  not  expected  that  the  use  of  these  rods 
would  entirely  eliminate  the  temperature  cracks,  but  it  was  hoped 
that  it  would  prevent  their  concentration  in  a  few  large  cracks. 

In  the  first  season,  about  87  800  cu.  yd.  of  masonry  were  placed, 
the  maximum  month's  work  being  18  400  cu.  yd.  During  the  first 
season,  the  dam  was  built  in  approximately  horizontal  layers  by 
derricks  placed  outside  the  section.  Work  was  continued  until  about 
the  middle  of  December,  when  it  was  suspended  because  of  cold 
weather.  By  this  time  the  dam  had  been  built  for  a  height  of  about 
92.5  ft.  above  the  lowest  point  in  the  foundation,  the  maximum  bottom 
width  being  116.3  ft.  and  the  top  width,  51  ft.  No  temperature  cracks 
were  discovered  during  the  winter  of  1906-07. 

During  the  second  season,  1907,  the  dam  was  built  with  derricks 
placed  directly  on  the  wall.  These  were  arranged  back  to  back,  and 
built  a  pinnacle  with  a  maximum  height  of  9  ft.,  the  "rack"  being  on 
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a  1  to  1  slope,  this  being  the  limit  of  maximum  height  and  slope 
allowed.  Upon  the  completion  of  these  pinnacles,  the  derricks  were 
shifted  to  a  similar  position  on  the  top  of  the  pinnacle,  the  intervening 
space  was  filled,  and  another  pinnacle  was  built  thereon.  This  opera- 
tion was  continued  until  the  dam  was  completed.  Plate  LI  shows  the 
order  in  which  the  masoniy  was  placed,  and  the  quantity  for  each 
month,  also  the  manner  of  placing  the  masonry  and  the  location  of  the 
cracks. 

Work  was  resumed  late  in  March,  and  the  main  dam  was  completed 
by  the  end  of  August,  1907;  consequently,  all  masonry  used  in  its  con- 
struction during  the  season  of  1907  was  laid  in  the  warmer  weather. 

The  waste-weir,  the  section  of  which  is  about  9  ft.  high  and  9  ft. 
wide  on  top,  was  built  mostly  in  September  and  October,  in  sections 
35  ft.  long,  p  slip-joint  being  provided  at  the  end  of  each  section. 

The  first  ..emperature  cracks  in  the  main  dam  were  noticed  early  in 
October,  190*1,  and  were  four  in  number,  located  at  Stations  10  -|-  46, 
11  +  08,  12  +  73,  and  14  +  89,  as  shown  on  Plate  LI.  By  March 
1st,  1908,  three  of  these  cracks  could  be  traced  down  the  face  of 
the  dam  for  a  distance  of  70  ft.,  and  the  fourth  for  a  distance  of 
about  42  ft.  from  the  top.  There  was  no  indication  of  any  horizontal 
cracking,  except  at  points  where  the  cracks  for  short  distances  followed 
the  horizontal  joints  of  the  blocks.  The  cracks  were  widest  at  the 
top,  gradually  diminishing  in  width  toward  the  bottom.  The  maxi- 
mum width  of  all  the  cracks  was  |  in. 

No  leakage  or  seepage  through  the  dam  or  through  the  cracks  was 
noticed  until  January  16th,  1908.  On  this  date  the  water  stood  at  a 
point  53  ft.  below  the  top  of  the  dam,  and  the  leakage  was  noticed  at 
a  distance  of  70  ft.  from  the  top  of  the  dam.  Fig.  1,  Plate  LII, 
shows  the  crack  at  Station  14  +  89,  which  extends  through  a  header 
block.  A  slight  amount  of  leakage  continued  until  February  7th, 
when  it  suddenly  increased,  indicating  that  there  was  a  free  passage 
for  water  through  the  dam  section  at  the  cracks.  On  February  10th, 
a  measurement  showed  a  leakage  of  6.6  gal.  per  min.,  and  by  February 
17th,  this  had  increased  to  23.9  gal.  per  min.,  which  is  the  maximum 
amount  of  leakage  measured  at  any  time.  As  soon  as  the  marked 
increase  in  leakage  was  noticed,  steps  were  taken  to  control  it.  This 
was  accomplished  by  caulking  the  crack  at  the  up-stream  face  with 
lead  wool  and  grouting  the  crack.  These  measures  were  successful 
to  the  extent  of  reducing  the  leakage  to  4.5  gal.  per  min.,  and  this  has 
continued  to  diminish  since  the  warm  weather  set  in. 

From  these  observations  it  would  appear  that  the  dam  was  entirely 
cracked  through  for  a  distance  of  about  43  ft.  from  the  top,  at  which 
point  the  section  is  31.75  ft.  wide,  and  partially  cracked  for  a  distance 
of  27  ft.  further  from  the  top  of  the  dam.  This  condition,  and  also 
the  position  of  the  reinforcement,  is  shown  by  Fig.  2,  Plate  LIT. 
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In  the  waste-weir,   all   slip-joints  opened,  but  not  to  as  great  a  Mr.  Honness. 
width  as  the  cracks  in  the  main  dam,  probably  due  to  the  fact  that  this 
masonry  was  laid  in  the  colder  months. 

From  the  observations  made  on  the  structures  here  described,  the 
following  conclusions  are  drawn: 

1st. — While  the  speaker  does  not  wish  to  be  understood  as  favor- 
ing "racks"  in  hydraulic  masonry,  believing  them  to  be  objectionable, 
it  does  not  appear  that  they,  in  any  way,  affect  the  number  or  loca- 
tion of  cracks. 

Sd. — It  does  not  appear  that  there  is  any  extensive  separation  of 
the  masonry  on  horizontal  planes.  The  vertical  cracks  seem  to  be 
caused  by  the  expansion  and  contraction  of  the  molecules  of  the 
masonry  itself,  due  to  ranges  of  temperature. 

Sd. — There  is  apparently  no  uniformity  in  the  distances  between 
cracks.  At  Boonton,  there  is  a  crack  for  about  every  100  ft.  in  the 
length  of  the  dam,  and  at  Cross  River,  one  for  about  every  200  ft. 
This  may  or  may  not  be  due  to  the  manner  in  which  the  masonry  is 
placed,  the  irregularity  in  the  profile  of  the  foundation,  or  to  the 
length  of  the  dam. 

4th. — The  reinforcement  in  the  Cross  River  Dam — as  to  quantity 
and  method  of  placing — was  not  effective  in  preventing  the  concen- 
tration of  the  cracks.  Another  arrangement  and  a  greater  quantity, 
carried  for  a  greater  distance  from  the  top  of  the  dam,  might  prove 
beneficial,  and  distribute  the  effect  of  temperature  changes  in  a  large 
number  of  very  small  cracks. 

5th. — It  would  appear  that  it  would  be  best  to  provide  for  the  con- 
trol of  the  temperature  cracks  by  the  use  of  vertical  joints,  as  sug- 
gested by  Mr.  Gowen,  not  overlooking,  however,  the  fact  that  it  is 
practically  impossible  to  prevent  a  slight  seepage,  which  will  disfigure 
the  face  of  any  dam,  no  matter  what  class  of  facing  be  used.  Provision 
should  be  made  to  prevent  this  seepage  from  reaching  the  down-stream 
face.  Experience  alone  will  show  what  details  should  be  used  in  mak- 
ing these  joints,  but  it  seems  certain  that  they  will  not  add  materially 
to  the  cost  of  construction. 

Thaddeus  Merriman,  Assoc.  M.  Am.  See.  C.  E. — This  subject  is  of  Mr.  Merriman. 
interest  to  every  engineer.     It  is,  moreover,  one  which,  at  the  present 
time,  is  but  little  understood.    As  more  facts  concerning  it  are  brought 
out,  therefore,  they  will  lead  to  a  better  knowledge  of  it  and,  conse- 
quently, better  design  of  masonry  structures. 

The  author  has  presented  one  phase  of  the  subject.  The  speaker 
will  endeavor  to  present  another,  basing  his  conclusions  on  the 
observations  of  the  interior  temperatures  in  the  masonry  dam  at 
Boonton,  N.  J. 

The  Boonton  Dam  was  built  during  the  years  1902,  1903,  and 
1904,  across  the  Rockaway  River,  near  Boonton,  N.  J.,  by  the  Jersey 
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Mr.  Merrinian.  City  Water  Supply  Company,  for  the  purpose  of  furnishing  a  supply 
of  water  to  Jersey  City,  N.  J.  Its  design  and  construction  were  under 
the  direction  of  Edlow  Harrison,  M.  Am.  Soc.  C.  E.,  Chief  Engineer, 
J.  "Waldo  Smith,  M.  Am,  Soc.  C.  E.,  Consulting  Engineer,  William 
B.  Fuller,  M.  Am.  Soc.  C.  E.,  Eesident  Engineer,  and  George  G. 
Honness,  Assoc.  M.   Am.   Soc.  C.  E.,  Division  Engineer. 

The  total  length  of  this  dam  is  3  100  ft.,  2  150  ft.  being  of  masonry 
having  the  cross-section  shown  by  Fig.  2.  The  maximum  height  of 
the  full  masonry  section  is  114  ft.,  and  its  average  height  for  its 
entire  length  is  90  ft.  At  its  north  end  the  masonry  is  39  ft.  in 
height,  and  at  its  south  end  the  top  of  the  dam  is  67  ft.  above  the 
foundation.  The  axis  of  the  dam  bears  12°  west  of  north,  and  the 
dam  impounds  water  on  its  west  side.  The  profile,  Plate  LIII,  shows 
the  progress  on  the  masonry  during  construction,  as  well  as  the  loca- 
tions and  sizes  of  the  temperature  cracks  which  have  occurred.  Fig.  1 
indicates  the  number  of  cubic  yards  of  masonry  built  during  each  month. 

The  down-stream  face  of  the  dam  was  faced  with  ashlar,  as  shown 
by  Fig.  1,  Plate  LIV.  The  up-stream  face  was  formed  of  rubble,  as 
shown  by  the  photograph,  Fig.  2,  Plate  LIV,  which  also  gives  a 
view  of  the  intake  gate-house.  The  general  character  of  the  interior 
masonry  is  indicated  by  Fig.  1,  Plate  LV,  and  Fig.  2,  Plate  LV,  shows 
the  completed  structure  as  water  was  beginning  to  pass  over  the  spill- 
way, which,  it  should  be  noted,  forms  a  part  of  the  main  dam. 
>  Atlas  Portland  cement  was  used  exclusively  in  the  construction  of 
this  dam.  The  masonry  of  the  interior  is  "cyclopean,"  and  is  composed 
roughly  of  50%  of  concrete  and  50%  of  large  stones.  The  concrete 
was  mixed  in  the  proportions  of  1:3:6.  All  the  stone  used  was  a 
syenitic  gneiss,  and  the  sand  was  from  local  deposits,  evidently  of 
glacial  origin. 

The  temperature  cracks  which  have  occurred  are  shown  on  the 
profile,  Plate  LIII.  Those  which  occurred  during  the  first  winter 
(1903-1904)  are  indicated  by  solid  lines,  the  upper  ends  of  which 
show  the  height  to  which  the  masonry  had  advanced  when  work  was 
suspended,  in  December,  1903.  It  will  be  observed  that  no  cracks 
are  shown  between  Stations  12  +  00  and  19  +  00.  This  is  explainable  by 
the  fact  that  the  tipper  layers  of  masonry  between  these  stations  were 
all  put  in  during  November  and  December  of  that  winter.  The 
weather  during  these  months  was  extremely  cold,  and  the  surface  of 
all  the  masonry  then  put  in  was  frosted.  The  temperature  range  in 
this  part  of  the  work,  therefore,  was  probably  quite  small,  and  the 
frosted  condition  of  the  surface  also  tended  to  prevent  the  discovery 
of  any  cracks  which  may  have  existed. 

Before  the  winter  of  1904-1905  arrived,  the  masonry  of  the  dam 
had  been  completed,  and  the  cracks  shown  by  dotted  lines  made  their 
appearance;  the  crack  at  Station  26  -f  90  also  again  opened  up. 
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During  the  third  winter  (1905-1906)  no  new  cracks  appeared,  but  Mr.  Mernman. 
all  those  wliich  had  formed  during  the  second  winter  again  opened  up. 
A  noticeable  fact  in  connection  with  the  re-opening  of  these  cracks 
during  the  winter  of  1905-1906  was  that  they  did  not  all  open  up  in  the 
same  ratio  as  during  the  previous  winter;  that  is,  one  of  the  cracks 
was  larger  than  a  year  ago,  while  one  or  both  of  its  neighbors  was 
smaller. 

During  the  fourth  and  fifth  winters  (1906-1907  and  1907-1908)  all 
the  old  cracks  re-opened,  though,  as  already  noted,  not  always  in  the 
same  ratio,  and  no  new  cracking  could  be  observed. 
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Fig.  1. 

Seventeen  main  cracks  have  appeared  in  the  masonry  section  of 
this  dam,  the  designation,  "main  cracks,"  referring  here,  as  elsewhere 
in  this  discussion,  to  cracks  having  a  top  width  of  tV  in.  or  more. 
Besides  these  main  cracks,  there  have  appeared  also  16  smaller  ones, 
each  having  a  top  width  of  less  than  A  in.,  and,  in  addition  to  the 
33  cracks  which  extend  entirely  across  the  top  of  the  dam,  there  are 
about  an  equal  number  which  do  not  extend  across  the  section,  but  are 
confined  to  one-half  or  less  of  the  crest  width. 


416    DISCUSSION  ON  EFFECT  OF  TEMPERATURE  CHANGES  ON  MASONRY 

Mr.  Merriman.        An  approximate  computation  of  the  probable  sum  of  all  the  cracks 
is  as  follows: 

17  cracks  (dimensions  on  Plate  LIIl) 2.50  in. 

16       "  averaging  ^V  "^ O.oO   " 

88  half  cracks,         "  ^V  in 0.50   " 

Total 3.50   " 

A  general  inspection  of  the  profile,  Plate  LIII,  indicates  that  the 
main  cracks  occur  at  very  regular  intervals,  and  that  this  interval, 
except  near  the  ends  of  the  dam,  is  not  far  from  100  ft.  It  is  also 
apparent  that  proportionately  more  cracks  have  developed  in  that  por- 
tion of  the  dam  in  which  the  masonry  was  laid  during  the  warmer 
months. 

No  very  large  quantity  of  water  has  passed  through  any  except 
the  main  cracks.  Through  them,  however,  considerable  seepage  occurs. 
This  seepage  is  greater  in  winter  than  in  summer,  and  at  some  of  them 
it  is  more  or  less  visible  during  the  entire  year.  In  consequence  of 
this  seepage,  the  face  of  the  dam  is  wet  in  the  immediate  vicinity  of 
the  crack  through  which  it  occurs,  and  in  winter  huge  masses  of 
ice  are  formed,  so  that  a  view  of  the  face  of  the  dam  during  the  cold 
season  presents  a  very  interesting  picture.  The  principal  seepage 
occurs  through  the  cracks  at  Stations  9  +  36  and  24  +  95. 

On  March  17th,  1908,  this  seepage  was  measured  and  found  to  be 
23  000  gal.  per  24  hours. 

In  connection  with  his  studies  of  the  question  of  the  temper-ature 
changes  in  masonry  dams  and  their  effects,  the  speaker  visited  the 
New  Croton  Dam  on  March  17th,  1906,  and  desires  to  record  here  his 
observations. 

The  crest  of  the  New  Croton  Dam  serves  as  a  roadway,  and  is 
paved  with  rough  concrete  which  was  put  down  in  two  layers  so  as 
to  form  a  horizontal  expansion  joint.  This  feature  rendered  the 
determination  of  the  sizes  of  the  cracks  more  difficult  than  at  Boonton, 
where  the  top  of  the  dam  was  finished  off  with  a  granolithic  surface 
integral  with  the  body  of  the  dam. 

For  the  purpose  of  removing  the  drainage  from  the  crest  of  the 
New  Croton  Dam,  a  tunnel,  parallel  with  its  axis,  and  placed  in  the 
body  of  the  dam  below  its  crest,  was  provided.  This  tunnel  afforded 
good  opportunity  for  inspecting  the  cracks,  which,  however,  here  as 
well  as  elsewhere,  had  been  caulked  prior  to  the  time  of  the  speaker's 
visit. 

There  were  found  in  this  dam  five  large  cracks.  The  largest  of 
these  measured  about  i  in.,  while  each  of  the  other  four  averaged  about 
J  in.  In  addition  to  these  larger  cracks,  there  were  a  number  of  smaller 
ones,  but  just  how  many  could  not  be  determined,  on  account  of  the 
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concrete  roadway.     These  smaller  cracks  did  not  show  in  the  drainage  Mr.  Memman. 
tunnel,  but  at  the  coping  joints  on  the  dam  crest. 

On  the  spillway  section  of  the  New  Croton  Dam  the  speaker 
found  no  very  large  cracks,  though  there  were  ten  of  small  size, 
together  with  a  number  of  others  showing  at  the  joints  of  the 
coping. 

The  general  external  conditions  at  this  dam  after  its  completion, 
therefore,  did  not  appear  to  differ  materially  from  those  at  Boonton, 
and,  in  general,  they  were  also  similar  to  those  described  by  Mr. 
Honness  as  existing  at  the  Cross  River  Dam. 

It  is  not  probable  that  the  passage  of  water  through  temperature 
cracks  can  have  any  appreciable  influence  on  the  life  of  the  structure; 
at  any  rate,  no  more  than  it  has  on  the  face  joints  of  the  up-stream 
side;  moreover,  most  of  the  evidence  at  hand  indicates  in  a  general 
way  that  Portland  cement  does  not  deteriorate  in  the  presence  of 
water,  but  rather,  and  on  the  contrary,  that  it  improves  both  in  strength 
and  durability  as  it  becomes  older.  A  greater  and  more  important 
question  seems  to  be,  what  may  be  expected  to  be  the  life  of  a  masonry 
<lam  constructed  with  Portland  cement  as  now  manufactured? 

The  passage  of  water  through  temperature  cracks  probal  ly  has  no 
appreciable  effect  on  the  life  of  the  structure,  yet,  by  its  presence  on 
the  visible  face,  it  calls  attention  to  the  cracks  themselves,  and,  to  one 
unfamiliar  with  the  technique  of  dam  design  and  construction,  such 
cracks  appear  only  as  indications  of  weakness,  and  no  "explanation" 
can  ever  fully  explain  why  such  cracks  should  be  permitted  to  exist. 

The  introduction  of  expansion  joints,  as  referred  to  by  the  author, 
and  as  provided  for  in  the  plans  of  the  Olive  Bridge  Dam  of  the  Ashokaii 
Reservoir,  for  the  new  supply  from  the  Catskill  Mountains,  is  a  step 
in  the  right  direction,  though  experience  alone  will  be  able  to  tell 
whether  all  cracking  can  be  prevented  in  so  simple  a  manner. 

As  work  on  the  Boonton  Dam  progressed,  eleven  thermophones  of 
the  Whipple-Warren  type  were  built  into  the  masonry  at  Station 
14  _|_  70  (Plate  LIII).  The  positions  of  the  thermophones  in  the  cross- 
section  are  shown  by  Fig.  2.  These  thermophones  were  designed  to 
be  sensitive  and  correct  to  within  the  nearest  degree.  During  the  first 
year  the  temperatures  were  read  directly  from  the  graduated  scale  of 
the  resistance  box,  the  point  of  equalization  being  determined  by 
noting  the  cessation  of  vibration  in  a  telephonic  receiver  when  the 
circuit  was  rapidly  made  and  broken.  Later,  the  telephone  arrange- 
ment was  replaced  by  a  galvanometer,  the  temperature  being  read,  as 
before,  on  the  graduated  scale. 

At  various  times  trouble  was  experienced  with  the  operation  of 
the  thermophones,  as  indicated  by  the  sudden  fluctuations  in  the 
temperature  curves  on  Plate  LVI  and  Fig.  3.  Then,  later,  the  coils, 
one  after  the  other,  without  any  apparent  reason,  ceased   recording, 
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Mr.  Merriman,  until  at  this  time  none  of  the  eleven  is  giving  reliable  results.  An 
investigation  into  the  cause  of  the  trouble  soon  showed  that  it  was 
due  to  the  insulation  of  the  cables  leading  to  the  coils.  The  cables 
were    of    the    three-strand    parallel    variety,    the    three    strands    being 

LOCATIONS  OF  THERMOPHONES 
IN  THE  BOONTON   DAM. 


No.l  Placed  4/9/03. 

N0S.2  and  3  Placed  3/30/03. 

N0.4  Placed  5/.j/03. 

Nos.  5,G,;,8  and  9  Placed  o/sa/'OS. 

No.lO  Placed  lo/s/'OS. 

No.n  Placed  c/24/'04. 
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Fig.  2. 


brought  together  and  then  wrapped  in  a  cotton  armor,  which  was  after- 
ward treated  with  a  water-proof  coating.  Each  of  the  three  strands 
consisted  of  a  No.  12  copper  wire,  insulated  by  a  layer  of  what  ap- 
peared to  be  vulcanized  black  rubber.     For  some  reason,  whether  on 
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account  of  an  excess  of  sulphxir  in  the  vulcanized  rubber,  or  on  Mr.  Mcrrim 
account  of  the  behavior  of  sulphur  in  the  presence  of  Portland  cement 
and  its  constituents,  the  sulphur  in  the  insulation  attacked  the  copper 
of  the  wires,  and  although  perhaps  not  entirely  destroying  the  wire,  yet 
modified  its  resistance  so  that  the  results  from  the  coils  became 
valueless. 
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In  future  installations  of  this  character,  the  speaker  would  recom- 
mend that  each  of  the  wires  of  the  cables  be  insulated  with  three 
wrappings  of  silk  and  coated  with  paraffine  after  each  wrapping.  The 
three  strands  of  which  the  cable  is  formed  should  then  be  brought 
together,  wrapped  twice  with  cotton  and  again  coated  with  paraffin. 
The  cable  thus  made  should  then  be  drawn  into  a  lead  armor,  which 
armor  should  be  soldered  directly  to  the  brass  tube  containing  the 
thermophone  coils.  In  this  way  the  speaker  believes  that  an  absolutely 
moisture-proof  lead  can  be  obtained  from  the  thermophone  to  a  point 
outside  of  the  masonry. 
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Mr.  Merriman.  On  Plate  LVI  are  plotted  the  records  of  the  thermophone  coils, 
together  with  the  daily  and  monthly  mean  atmospheric  temperatures. 
In  order  to  avoid  confusion,  not  all  the  records  have  been  plotted, 
but  only  those  showing  the  more  continuous  and  uniform  values.  An 
inspection  of  the  curves  of  these  coils  shows  that  all  those  placed  prior 
to  October,  1903,  except  Nos.  5  and  9,  reached  their  minimum  tem- 
peratures during  the  following  April.  These  same  coils  reached  their 
next  minimum,  however,  during  March,  1905,  in  spite  of  the  fact  that 
the  atmospheric  minimum  occurred  one  month  later  than  in  the 
previous  year.  Coils  Nos.  5  and  9,  being  but  2  ft.  from  the  faces  of 
the  dam,  reached  their  minimum  temperatures  not  far  from  the  time 
of  the  occurrence  of  the  atmospheric  minimum.  The  speaker,  there- 
fore, is  led  to  the  general  conclusion  that,  owing  to  the  heat  generated 
by  the  cement  during  its  setting,  about  one  year  must  elapse  before 
masonry  in  a  dam  of  dimensions  comparable  with  that  at  Boonton, 
will  reach  a  temperature  which  will  depend  only  on  its  position  in 
the  dam  and  on  the  changes  in  the  atmospheric  temperature.  This 
conclusion  holds  true  for  all  portions  of  a  dam,  since,  if  the  heat 
generated  by  the  setting  action  of  the  cement  is  being  lost  from  any 
portion  of  the  masonry,  it  must  affect  and  tend  to  keep  up  the 
temperatures  of  all  its  parts. 


TABLE  6. — Eesults  of  Thermophone  Observations, 
BooNTON,  N.  J.,  Dam. 


Coil 
No. 

Distance 

from 

face,  in  feet. 

Maximum 

temperature, 

in  degrees, 

Fahrenlieit. 

Date  of 
maximum 
tempera- 
ture. 

Minimum 

temperature, 

ia  degrees, 

Fahrenheit. 

Date  of 
minimum 
tempera- 
ture. 

Total 

temperature 
range,  in 
degrees, 

Fahrenheit. 

5 
6 
8 
9 
10 

2.0 
11.3 
11.0 

3.5 
16.0 

69 
64 
63 

71 
68 

Aug.,  1904 
Sept  .  1904 
Sept.,  1904 
Aug..  1904 
Oct.,    1904 

39 
45 
43 
34 

46 

March,  1905 
"       1905 
^'       1905 
"       1905 
"       1905 

30 
19 
30 
37 
22 

Eeferring  again  to  Plate  LVI,  it  is  easily  seen  that  minimum 
and  maximum  temperatures  near  the  center  of  the  dam  are  reached 
approximately  30  days  after  the  occurrence  of  the  atmospheric  mini- 
mum and  maximum,  respectively,  and,  moreover,  the  "lag"  is  seen  to 
be  proportional  in  some  degree  to  the  distance  from  the  nearest  face 
of  the  dam.  Unfortunately,  however,  the  observations  do  not  seem  to 
warrant  the  drawing  of  a  curve  of  this  "lag"  or  retardation. 

Table  6  shows  the  principal  results  obtained  from  the  thermophone 
observations  on  the  Boonton  Dam.  It  will  be  noted  that  no  observa- 
tions were  used  in  the  compilation  of  this  table  until  the  thermophones 
had  been  in  place  for  practically  a  year.     This  was  done  in  order  to 
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Fig.  1.— Dows-Stream  i  ace  of  Booxtox  Dam.  Sho-sving  Ashlar  Facing. 


Fig.  2.— Up-Stream  Face  of  Boontox  Dam.  Showing  Rubble  Facing  and  Gate  Hocse. 
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eliminate,  if  possible,  the  effect  of  the  heat  generated  during  setting,  Mr.  Merrinmn. 
and  heretofore  referred  to.  The  results  shown  in  this  table  were  then 
plotted  on  the  diagram,  Fig.  3,  and  by  trial  a  curve  most  closely  repre- 
senting the  observations  was  drawn.  If  E  be  the  total  range  in 
temperature  at  any  point  in  the  mass,  in  degrees,  Fahrenheit,  and  D 
be  the  distance  in  feet  to  the  nearest  face  of  the  dam,  then 

135 

where  135  is  the  total  atmospheric  range,  as  observed  during  the  period 
from  June,  1904.  to  March,  1905.  During  this  period  the  minimum 
temperature  reached  was  — 18°  fahr.,  and  the  speaker  estimates  that 
the  maximum  in  the  sun  was  117°  fahr.,  that  in  the  shade  being 
98°  fahr.  This  value,  135,  is  also  probably  not  very  far  from  the  maxi- 
mum atmospheric  range  ever  attained  in  the  latitude  of  New  York. 

Eeferring  to  the  diagram,  it  is  seen  that  the  curve  represented  by 
this  expression  fits  the  plotted  points  very  closely,  and  the  speaker, 
therefore,  has  adopted  it  until  future  observations  indicate  that  a 
change  would  be  advisable.  It  must  be  noted,  however,  that  near  the 
minor  limit  the  curve  does  not  seem  to  fit  in  with  the  physics  of  the 
case,  as  it  indicates  that  the  range  could  never  be  zero,  and  that  if 
the  range  were  to  be  kept  down  to  1°  fahr.,  the  thickness  of  the 
masonry  should  be  182  250  ft.  The  speaker,  therefore,  prefers  simply 
to  state  that  the  law  expressed  by  this  formula,  for  the  present,  at 
least,  should  not  be  considered  as  holding  true  for  distances  from  the 
face  of  the  masonry  of  more  than  20  ft.  or  less  than  0.5  ft. 

It  is  well  known  that,  after  concrete  and  mortar  have  been  mixed 
and  placed  in  position,  the  temperature  of  the  mass  begins  to  rise. 
In  a  small  cube  this  increase  in  temperature  reaches  a  maximum 
about  18  hours  after  the  cube  is  made,  though,  in  a  very  large  mass, 
this  maximum  may  be  delayed  several  days.  The  speaker  would  refer 
here  to  certain  experiments  made  some  years  ago  in  the  Lehigh  Uni- 
versity laboratory  during  which  the  temperature  at  the  center  of  an 
8-in.  cube  of  1 :  3  Portland  cement  mortar  rose  to  160°  fahr.  in  18 
hours  after  the  cube  was  made,  the  temperature  of  the  laboratory 
being  about  70°  fahr.  He  would  also  refer  to  pages  414-416  of 
Johnson's  "Materials  of  Construction,"  where  it  is  stated  that  the 
temperature  at  the  center  of  a  mass  of  Portland  cement  concrete 
increased  93°  fahr.  in  7  days.  The  increase  for  the  mortar  cube  was 
90°  fahr.,  and  that  for  the  concrete  was  93°  fahr.,  an  agreement  some- 
what closer  than  one  would  anticipate,  as  the  "heating"  of  cement 
would  seem  to  depend  largely  on  the  materials  of  which  it  is  composed 
and  perhaps  also  on  the  process  of  its  manufacture  and  mixing. 

In  the  Boonton  Dam  nearly  all  the  materials  were  deposited  in 
comparatively  thin  layers,   and  the  speaker,  therefore,  considers  that 
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their  maximuin  temperatures  were  reached  within  18  hours  after 
placing.  On  Plate  LYI  is  shown  the  record  of  thermophone  coil 
No.  11  by  daily  readings  after  it  was  put  into  position.  It  will  be 
noted  that,  starting  at  about  77°  fahr.,  this  coil  showed  a  rise  of 
about  16°  to  93°  fahr.  in  about  13  days,  and  that  about  11°  of  this 
rise  occurred  within  6  days.  The  facts  of  the  placing  of  this  coil  are 
as  follows:  It  was  set  into  the  wall  on  June  24th,  1904,  and  was 
immediately  covered  with  about  12  in.  of  concrete.     The  temperature 
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Fig.  4. 

of  the  concrete  at  the  time  it  was  placed  was  74.5°  fahr.  Seven  days 
after  placing  the  coil  more  masonry  was  placed  above  it,  so  that, 
within  14  days,  it  was  buried  to  a  total  depth  of  about  11  ft.  The 
increase  in  temperature  recorded  by  this  coil,  therefore,  was,  it  would 
seem,  largely  due  to  the  heat  from  the  masonry  placed  above  itj  and 
consequently  it  can  be  said  that  the  temperature  of  the  masonry  placed 
above  coil  No.  11  and  insulated  from  it  by  12  in.  of  concrete  already 
set,  must  have  reached  a  temperature  higher  than  93°  fahr. 

On  Fig.   4   are   shown  the   results  of  hourly  readings  on  thermo- 
phone No.  11.     This  coil  was  placed  at  11.40  a.  m.,  June  24th,  1904, 
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Fig.  1.— Gexkral  Character  of  lyxERtoR  JIasonry  of  Booxtox  Dam. 


Fig  2.— Completed  Booxtox  Dam  with  Water  PAs-gixG  Over  the  Spillway. 
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Readings  were  taken  until  6.15  p.  m.,  of  that  day,  when  they  were  dis-  Mr.  Merriman. 
continued  for  the  night.  Next  morning  at  8  o'clock,  in  spite  of  a 
clear  night,  a  minimum  atmospheric  temperature  of  60°  fahr.,  and 
notwithstanding  an  average  atmospheric  temperature  of  68°  fahr.  from 
noon,  June  24th,  to  noon,  June  25th,  the  thermophone  recorded  a 
temperature  of  87.5°  fahr.,  a  rise  of  nearly  10°  since  the  previous 
evening.  The  curve  of  temperature  for  some  hours  after  8.00  A.  M., 
June  25th,  with  a  rising  atmospheric  temperature,  showed  a  downward 
tendency,  and  this  fact,  together  with  the  rise  during  the  night  and 
the  general  considerations  of  rise  in  masonry  due  to  setting,  as  set 
forth  in  a  previous  paragraph,  has  led  the  speaker  to  indicate  on 
Fig.  4  the  probable  curve  of  temperature  for  this  coil  between  6.00 
p.  M.,  June  24th,  and  8.00  a.  m.,  June  25th.  The  considerations  which 
will  explain  the  reasons  for  putting  the  probable  maximum  tempera- 
ture reached  at  100°  fahr.,  are  as  follows : 

The  Boonton  Dam  is  constructed  of  cyclopean  masonry,  composed 
roughly  of  50%  of  large  stones  and  50%  of  concrete,  having  propor- 
tions of  1:3:6,  therefore  25%  of  the  mass  is  mortar  and  75%  stone, 
whether  large  or  small.  If,  now,  it  be  assumed  that  the  specific  heat 
of  the  stone  is  0.2  and  that  of  the  new  mortar  is  0.4,  and  that  the 
temperature  of  the  mortar  alone  would  rise  90°  fahr.,  it  follows  that 
the  temperature  of  the  mass  will  rise  36°  fahr.,  and  if  the  initial 
temperature  of  the  mass  was  74°  fahr.,  that  therefore  the  resultant 
temperature  would  be  100°  fahr. 

The  average  atmospheric  temperature  of  the  months  during  which 
masonry  in  a  dam  is  usually  placed  is  not  far  from  58°  fahr.,  and  if 
the  chemical  changes  due  to  the  setting  of  a  cement  are  sufficient  to 
induce  in  the  masonry  a  rise  of  36°  fahr.,  then  it  is  reasonable  to 
suppose  that  the  masonry  in  setting  will  reach  a  temperature  of 
58°  +  36°  =  94°  fahr.  This  estimate,  it  will  be  noted,  is  based  on 
the  assumption  that  the  average  temperature  of  the  sand  and  stone 
used  in  the  construction  will  be  the  same  as  the  average  temperature 
of  the  atmosphere. 

In  arriving  at  a  conclusion  on  this  point  the  speaker  has  borne  in 
mind  the  approximate  character  of  the  computations,  and  of  the  data 
entering  them,  and  has  preferred  to  state  that  the  maximum  average 
temperature  which  the  masonry  will  attain  shortly  after  being  placed 
in  position  is  100°  fahr.,  rather  than  the  94°  fahr.,  above  deduced. 
He  has  done  so  for  the  reason  that  it  appears,  from  all  considerations, 
to  be  true  beyond  a  reasonable  doubt  that  some  of  the  masonry  in 
a  dam  will  reach  this  temperature,  and  that,  therefore,  it  is  conservative 
and  on  the  side  of  safety  to  assert  that  all  the  masonry  will  do  like- 
wise. As  far  as  observations  of  actual  temperature  cracks  in  a  masonry 
dam  tend  to  bear  out  this  point,  reference  to  Plate  LIII  will  show 
that  all  the  main  cracks  which  appeared  on  the  top  of  the  Boonton  Dam 
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ir.  Merriman.  are  found  in  the  masonry  which  was  placed  during  the  warmer  months 
of  the  working  year.  The  speaker,  however,  considers  this  only  as  a 
corroborative  fact,  as  there  are  many  other  factors  which  may  have  a 
great  influence  on  the  location  of  the  cracks.  Among  these  should  be 
mentioned  the  height  of  the  masonry,  the  "racks"  in  which  it  was  built, 
and  the  irregularity  of  the  foundation  profile. 

Before  leaving  the  question  of  the  records  of  the  thermophones, 
it  will  be  interesting  to  indicate  the  difference  in  behavior  between 
coils  Nos.  5  and  9,  coil  No.  5  being  within  2  ft.  of  the  water  face 
of  the  dam,  while  coil  No.  9  is  within  2.5  ft.  of  the  exposed  down- 
stream face.  During  the  winter  of  1903-1904  the  water  in  the  reser- 
voir rose  just  about  level  with  coil  No.  5.  Both  these  coils  reached 
their  maximum  temperature  during  August,  1904,  No.  5  attaining 
69°  fahr.,  and  No.  9,  71°  fahr.  No.  5,  at  this  time,  was  not  sub- 
merged by  more  than  20  ft.  of  water.  During  the  following  summer, 
however.  No.  5  reached  only  54°  fahr.,  while  No.  9  reached  65°  fahr.. 
No.  5  at  this  time  being  submerged  about  55  ft. 

The  equalizing  effect  of  the  water  in  the  reservoir  is  shown  by 
the  curves  on  Plate  LVI,  which  indicate  that  the  water  side  of  the 
dam  is  cooler  in  summer  than  the  exposed  face,  and  conversely.  These 
curves  also  show  that  the  temperatures  of  the  two  faces  are  equal  twice 
each  year,  in  December  and  April. 

The  setting  of  cement  is  the  physical  phenomenon  resulting  from 
chemical  changes  within  its  mass.  By  those  who  have  made  a  study 
of  the  subject,  these  changes  have  been  likened  to  the  arrangement  of 
the  molecules  into  a  definite  and  fixed  form,  resembling  crystallization 
to  some  extent.  It  has  been  seen  that  the  process  of  setting  is  accom- 
panied by  the  evolution  of  heat,  and  Johnson*  says: 

"In  fact,  with  quick-setting  cements  the  temperature  curve  is  a 
t'-uer  index  of  the  setting  period  than  the  mechanical  tests  of  firmness 
which  are  usually  employed  for  this  purpose." 

Again,  on  page  416,  he  says: 

"With  slow-setting  cements  the  rise  of  temperature  cannot  be 
observed  with  accuracy,  and  is  smaller  in  amount  than  in  case  of 
quick-setting  cements.  In  such  cases  the  heat  developed  is  dissipated 
because  of  its  slow  generation,  and  does,  therefore,  not  become  sensible 
to  thermometric  measurement." 

From  all  points  of  view,  therefore,  it  appears  to  be  probable  that 
Portland  cement  in  setting  assumes  its  final  definite  form  and  shape 
at  a  time  when  its  setting  temperature  is  a  maxiqaum.  The  speaker 
believes  it  to  be  an  undisputed  fact  that  the  range  of  temperature 
which  produces  the  maximum  stress  in  a  body,  provided  only  that  the 

'•  The  Materials  of  Construction,"  New  York.  1906,  p.  415. 
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body  is  not  free  to  contract  or  expand,  is  the  diflferencc  between  the  Mr.  Merriman. 
highest  and  lowest  temperatures  to  which  the  body  will  be  subjected. 
In  view  of  all  the  evidence,  therefore,  he  submits  that  in  a  masonry 
dam  the  maximum  range  in  temperature  which  causes  tensile  stresses 
in  the  masonry  is  the  difference  between  the  temperature  at  which  the 
cement  assumes  its  set  and  the  lowest  temperature  which  may  subse- 
quently be  reached.  From  this  it  at  once  follows,  if  the  average  setting 
temperature  be  100°  fahr.,  that  the  minimum  total  tensile  stress 
producing  range  in  any  portion  of  any  dam  cannot  be  less  than  the 
difference  between  100°  fahr.  and  the  yearly  mean  temperature  of  the 
atmosphere  at  the  place  where  the  dam  is  built.  In  the  latitude  of 
New  York  this  minimum  range,  therefore,  is  52°  fahr. 

Fig.  5  is  a  cross-section  of  the  Boonton  Dam  on  which  have  been 
plotted  the  curves  of  probable  total  temperature  range  within  its  mass, 
no  attempt  having  been  made  to  allow  for  the  influence  of  the  water 
in  the  reservoir,  as  the  information  at  hand  is  too  meager  to  warrant 
such  a  study.  The  problem,  therefore,  has  been  studied  from  the 
point  of  view  of  a  simple  masonry  wall  of  the  cross-section  shown. 

The  atmospheric  range  of  13.5°  fahr.  is  undoubtedly  true  on  the 
exterior  faces,  but  2  ft.  within  the  dam  it  is  found  that  the  applica- 
tion of  the  law  of  variation  of  the  range  in  connection  with  the 
setting  temperature  of  the  masonry  gives  a  range  of  only  72°  fahr. 
It  is  also  found  that  it  is  necessary  to  go  18  ft.  farther  into  the  dam 
to  find  a  point  where  the  range  is  60°  fahr.  Fig.  5  is  interesting  in 
that  it  exhibits  a  condition  of  affairs  in  the  center  of  a  masonry  dam 
almost  diametrically  opposed  to  that  which  has  heretofore  been  believed 
to  be  true. 

In  connection  with  the  measurements  of  the  cracks  in  the  Boonton 
Dam  and  the  temperature  ranges  herein  indicated,  the  speaker  en- 
deavored to  obtain  some  idea  of  the  tensile  stress  which  the  masonry 
actually  carries.  In  order  to  do  this  it  became  necessary  to  make 
certain  assumptions,  as  follows: 

a. — The  top  width  of  a  temperature  crack  is  the  same  as  its  width 
at  a  point  2  ft.  toward  the  interior  of  the  dam.  Were 
this  not  the  case  one  might  expect  very  shortly  to  see 
every  concrete  dam  begin  to  "peel  off."  The  crack  is 
prevented  from  assuming  the  size  indicated  by  the  range 
in  temperature  at  the  surface  by  shearing  forces  which 
stress  the  masonry  in  directions  parallel  with  the  axis 
of  the  dam. 
6. — That  the  coefficient  of  elasticity  of  the  masonry  is  2  500  000 

lb.  per  sq.  in. 
c. — That   the    range    in    temperature    which    has    produced    the 

cracking  and  stresses  is  72°  fahr. 
d. — That  the  coefiicient  of  expansion  of  the  masonry  is  0.0000055 
per  degree,  Fahrenheit. 
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Mr.  Meiriman.  The  total  visible  Cracking  has  been  seen  to  aggregate  3.50  in., 
and  the  length  of  the  masonry  is  2  150  ft. 

With  these  data  it  appears  that,  had  no  cracking  occurred,  the 
tensile  stress  in  the  masonry  would  have  been  990  lb.  per  sq.  in.; 
had  the  masonry  been  free  to  move,  the  contraction  would  have 
amounted  to  10.20  in.,  and  that  since  an  elongation  of  6.70  in.  re- 
mains unaccounted  for,  the  tensile  stress  in  the  masonry  must  now  be 
about  650  lb.  per  sq.  in.,  a  result  which  agrees  fairly  well  with  what 
might  be  supposed  to  be  the  tensile  strength  of  a  large  mass  of  masonry 
if  the  strength  of  small  test  pieces  of  its  mortar  at  one  year  showed 
by  test  380  lb.  per  sq.  in. 

If  tensile  stresses  exist  in  a  masonry  dam  and  act  on  planes  at 
right  angles  to  its  axis,  there  is  no  admissible  reason  for  believing 
that  such  stresses  do  not  exist  and  act  with  equal  intensity  on  all 
planes  and  at  every  angle.  This  being  the  case,  the  stresses  due  to 
this  cause  should  not  be  overlooked  when  the  design  of  a  masonry  dam 
is  under  consideration,  particularly  when  it  is  remembered  that  the 
forces  which  act  on  a  dam  cause  tensile  stresses  within  its  mass. 

An  entirely  independent  confirmation  of  these  results  has  come 
to  hand  in  the  interesting  facts  presented  by  Mr.  Honness,  who  has 
pointed  out  that  the  cracking  in  the  Cross  River  Dam  probably  did 
not  extend  entirely  through  its  cross-section  because  the  leakage,  when 
the  water  stood  below  a  point  46  ft.  below  the  dam  crest,  was  very 
slight.  It  is  probable,  therefore,  that  the  cracks  did  not  extend  much 
more  than  46  ft.  below  the  dam  crest,  and  it  would  seem  to  follow 
that  at  this  point  the  temperature  range  was  just  sufficient  to  over- 
come the  tensile  strength  of  the  masonry.  Referring  to  Fig.  5  it  will 
be  seen  that  the  temperature  range  at  a  point  in  the  center  of  the 
dam  and  46  ft.  below  its  crest  would  be  not  far  from  61°  fahr.,  the 
cross-sections  of  the  two  structures  being  very  similar.  This  range 
in  temperature,  assuming  the  same  constants  as  previously  used,  would 
indicate  that  the  masonry  had  a  tensile  resistance  of  about  800  lb. 
per  sq.  in.,  which  agrees  very  well  with  that  determined  for  the  Boonton 
Dam  when  all  the  differences  are  considered,  and  when  it  is  remem- 
bered that  this  dam  was  not  a  year  old  when  the  cracks  were  observed. 
Its  interior  temperature,  therefore,  was  higher  than  it  will  be  later, 
and  consequently  the  actual  range  in  temperature  was  less  than  that 
used  in  the  computations.  Such  a  condition  would  make  the  apparent 
strength  of  the  masonry  somewhat  higher  than  its  true  value.  The 
steel  rods  used  in  the  upper  portion  of  this  dam  may  also,  possibly, 
have  had  some  influence  on  the  size  and  positions  of  the  cracks, 
though  the  speaker  does  not  feel  that  the  introduction  of  steel  into  a 
masonry  mass  can  have  any  other  action  than  to  prevent  the  localiza- 
tion of  cracking.  The  total  cracking  due  to  temperature  changes 
must  be  the  same,  whether  or  not  steel  is  used. 
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Mr.  Morriman. 


CURVES  OF  PROBABLE  TOTAL  TEMPERATURE 
RANGE  IN  THE  MASONRY  OF  THE 
BOONTON,  N.J.,  DAM 


Fig.  5. 
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The  theoretical  deductions  thus  made  on  a  large  masonry  mass 
seem  to  be  fairly  well  confirmed  by  the  physical  facts  of  its  behavior 
after  visible  surface  cracking  has  occurred.  Yet  it  is  by  no  means 
certain  that  they  are  more  than  appproximately  correct,  not  only  on 
account  of  the  uncertain  nature  of  the  data,  but  also  on  account  of  the 
many  factors  entering  the  problem  for  which  no  allowance  in  the 
present  state  of  knowledge  can  be  made. 

In  addition  to  the  thermophone  observations  at  Boonton,  the 
attempt  was  made  to  ascertain  whether  or  not  there  was  any  change  in 
length  between  the  ends  of  the  masonry  structure  due  to  seasonal  tem- 
perature changes.  For  this  purpose  lead  plugs  were  inserted  near  each 
end  of  the  masonry  and  about  2  000  ft.  apart.  At  right  angles  with  the 
axis  of  the  dam  and  on  a  line  with  each  of  these  plugs  two  heavy 
posts  were  set  into  the  ground,  penetrating  well  below  the  frost  line. 
Using  a  transit,  a  point  was  then  put  on  each  of  them  in  line  with 
a  point  on  the  lead  plug.  Frequent  observations  with  the  transit  failed 
to  detect  any  shortening  movement;  such  motion  as  was  detected 
may  have  been  due  to  errors  of  observation,  and  the  information  gained 
was  negative  only.- 

In  concluding  his  discussion  of  the  Boonton  results,  the  speaker 
would  summarize  as  follows: 

1. — About  12  months  must  elapse  after  the  placing  of  masonry 
in  the  cross-section  of  a  dam  comparable  with  that  at  Boonton  before 
the  heat  generated  by  the  chemical  changes  incident  to  the  setting  of 
the  cement  becomes  lost  to  an  extent  sufficient  to  render  its  existence 
a  negligible  quantity. 

2. — After  the  expiration  of  12  months,  minimum  and  maximum 
temperatures  near  the  center  of  the  masonry  are  reached  approximately 
30  days  after  the  occurrence,  respectively,  of  the  seasonal  atmos- 
pheric minimiiin  and  maximum. 

3. — The  range  in  temperature  at  any  point  in  the  interior  of  a 
masonry  dam,  due  to  external  temperature  changes,  is  dependent  on  the 
exterior  atmospheric  temperature  range,  and  on  the  distance  of  the 
point  from  the  face  of  the  dam.  For  distances  up  to  20  ft.  and  per- 
haps for  greater  ones,  the  interior  range  varies  inversely  nearly  as  the 
cube  root  of  the  distance  from  the  face. 

4. — Immediately  after  concrete  and  mortar  are  placed  in  a  dam,  the 
temperature  of  their  mass  rises  and  probably  reaches  a  maximum  in 
about  18  hours  after  the  placing.  This  maximum  is  about  100°  fahr. 
for  Cyclopean  masonry. 

5. — ^It  may  be  inferred  that  the  constituents  of  the  mortar  and  con- 
crete assume  their  final  form  and  shape  at  the  time  when  their  maxi- 
mum temperature  is  reached.  This  being  the  case,  it  would  appear  that 
nearly  all  portions  of  a  masonry  dam  are  under  a  tensile  stress,  prac- 
tically from  the  time  the  materials  composing  it  are  placed  in  their 
position,  and  consequently  it  seems  to  follow  that  the  stress  producing 
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range  in  temperature  is  more  nearly  equal  for  all  portions  of  the  struc-  Mr. Meniman. 
tare  except  tliose  very  close  to  the  exterior  of  the  mass  than  has  hitherto 
been  supposed.  This  deduction  follows  from  the  consideration  that,  if 
the  maximum  temperature  attained  is  100°  fahr.,  then  the  stress  pro- 
ducing range  is  the  difference  between  100°  fahr.  and  the  lowest  tem- 
perature subsequently  attained. 

6. — Approximate  computations  indicate  that  the  ultimate  tensile 
strength  of  the  mass  of  a  masonry  dam  constructed  of  Portland  cement 
is  not  far  from  700  lb.  per  sq.  in. 

7. — From  the  evidence  at  hand,  it  would  seem  that  the  use  of  a  slow- 
setting  cement  would  tend  to  keep  down  the  setting  temperature,  and, 
therefore,  it  might  be  expected  that  a  structure  made  of  such  a  cement 
would  show  less  cracking  than  one  made  of  a  cement  which  takes  its 
set  more  rapidly. 

In  Table  4  the  author  gives  the  coeflScient  of  expansion  for  masonry 
in  large  masses.  This  coefficient  of  expansion,  0.00000307,  is  some- 
what smaller  than  that  which  has  been  used  heretofore  in  the  design 
of  masonry  structures,  in  fact,  about  one-half,  and  the  speaker  would 
suggest  that  this  difference  may  be  accounted  for,  at  least,  in  part,  by 
the  fact  that,  in  deducing  his  value,  the  author  used  the  range  in 
atmospheric  temperature,  whereas  the  temperature  range  which  was 
effective  in  the  mass  of  masonry  was  materially  less. 

The  present-day  design  of  massive  masonry  structures  is  deficient 
in  so  far  as  a  proper  knowledge  is  had  of,  and  proper  allowance  is  made 
for,  the  effect  of  the  tensile  stresses  due  to  temperature  changes.  These 
stresses,  when  taken  together  with  the  other  tensile  stresses  resulting 
from  the  forces  acting  on  the  mass,  may  give  rise  to  resultant  stresses 
in  excess  of  conservative  practice;  therefore,  all  facts  bearing  on  this 
question  are  of  value,  and  the  author  is  to  be  congratulated  for  having 
presented  in  such  concise  form  the  results  of  his  extended  observations 
on  the  highest  masonry  dam  in  the  world. 

William  Lowe  Brown,  M.  Am.  Soc.  C.  E. — As  a  short  account  of  Mr.  Brown, 
the  cracks  which  appeared  in  the  Assouan  Dam  may  be  of  interest, 
the  speaker  will  describe  them  to  the  best  of  his  recollection. 

Mr.  Gowen's  paper  gives  a  very  clear  account  of  the  cracks  which 
appeared  in  the  New  Croton  Dam,  and  of  .the  very  careful  measurements 
which  the  author  had  taken  for  so  long  a  period.  Such  painstaking 
work  is  always  of  great  value  to  others,  and  engineers  should  be  grate- 
ful to  him  for  what  he  has  done. 

Mr.  Gowen  concludes  by  suggesting  that,  in  order  to  avoid  cracks, 
certain  precautions  should  be  taken;  these  may  be  summarized  as 
follows : 

(a)  Sudden  changes  of  section  should  be  avoided. 

(b)  The  work  should  be  carried  out  in   horizontal  layers,  and 

all  racking  and  stepping  avoided. 

(c)  The  work  should  not  be  carried  on  in  hot  weather. 
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Mr.  Brown.  In  building  the  Assouan  Dam,  owing  to  unavoidable  conditions, 
these  rules  were  violated  in  a  very  flagrant  manner,  especially  in  the 
lower  half  of  the  dam,  as  will  be  seen  from  the  following : 

(a)  It  was  impossible  to  avoid  sudden  changes  of  section,  for  pro- 
vision had  to  be  made  for  allowing  the  River  Nile  when  in  flood  to 
pass  without  damaging  the  structure,  and  this  could  only  be  done  con- 
veniently by  leaving  sluices  through  the  body  of  the  dam.  There  were 
180  of  these  sluices,  120  of  which  were  23  ft.  high  and  6J  ft.  wide,  and 
the  remainder  12  ft.  high  and  6^  ft.  wide.  In  addition  to  these,  there 
were  buttresses  between  each  set  of  ten.  The  greatest  variation  in 
section,  however,  was  caused  by  the  very  irregular  nature  of  the  founda- 
tion line,  which  was  cut  up  by  five  distinct  river  channels,  divided  by 
high  points  which  were  only  flooded  at  high  Nile;  and  the  irregularity 
was  increased  still  further  by  the  fact  that  the  rock  at  the  bottom  of 
the  various  channels  was  usually  much  softer  than  that  between  them. 
Consequently,  in  order  to  get  a  solid  rock  foundation,  the  excavation 
in  the  channels  had  to  be  carried  to  a  greater  depth  below  the  original 
rock  line  than  in  the  higher  portions ;  so  great,  in  fact,  was  this  sudden 
drop  at  one  point,  that  it  was  deemed  advisable  to  cut  away  the  good 
rock  at  the  sides  in  a  series  of  steps  in  order  to  make  it  less  sudden. 

(h)  It  was  impossible  to  carry  up  the  lower  portion  of  the  work  in 
horizontal  layers,  for  only  two  of  the  river  channels  could  be  blocked 
in  any  one  year,  and  it  was  necessary  to  complete  the  excavation  and 
carry  up  the  masonry  above  the  mean  river  level  in  these  channels  in 
one  working  season;  the  result  was  that,  in  the  earlier  stages,  each 
season's  work  consisted  of  a  large  mass  of  masonry  in  the  newly  ex- 
posed foundation  and  a  straggling  piece  of  work  above  that  of  the 
previous  year,  and  the  first  section  was  almost  completed  before  the 
last  part  of  the  foundation  was  commenced. 

(c)  It  was  impossible  to  avoid  carrying  on  the  work  in  the  very 
hottest  weather,  for  the  working  season  was  only  about  eight  months — 
December  to  August — and  as,  during  the  first  four  of  these  months, 
most  of  the  time  was  spent  in  excavating  the  foundation,  it  was  neces- 
sary to  do  the  bulk  of  the  work,  in  the  lower  portions  of  the  dam,  in 
May,  June,  and  July,  during  which  months  the  mean  temperature  re- 
mained above  90°  fahr.  The  maximum  midday  shade  temperature 
was  very  frequently  110°  fahr.,  and  occasionally  122°  fahr.;  in  the 
sun  it  was  very  much  hotter  (170°  fahr.,  or  more).  The  minimum 
winter  temperature  is  usually  about  50°  fahr.  and  occasionally  it  goes 
down  to  40°  fahr. 

Being  built  under  such  conditions,  it  would  be  reasonable  to  sup- 
pose that  the  Assouan  Dam  would  be  very  badly  cracked.  This,  how- 
ever, was  not  the  case.  There  were  perhaps  six  or  seven  cracks,  alto- 
gether, but  none  of  them  was  serious.  The  largest  crack  occurred  at 
one  of  the  most  sudden  changes  of  section,  due  to  a  high  step  in  the 
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foundation,  at  the  side  of  a  sluice  and  in  close  proximity  to  one  of  the  Mr.  Brown, 
buttresses.     This  crack  extended  from  the  top  of  the  dam  almost  down 
to  the  rock  foundation,  and  was  about  i  in.  wide  at  the  foundation 
and  rather  more  at  the  top,  in  cold  weather.     It  extended  through  the 
dam  from  side  to  side. 

Calculations  show  that  in  a  dam  of  this  length — 6  500  ft. — the  total 
amount  of  contraction  would  be  about  1  ft.,  assuming  the  range  of 
temperature  of  the  masonry  to  be  only  30°  fahr.  In  point  of  fact,  the 
aggregate  width  of  all  the  cracks  could  not  have  been  more  than  from 
1  to  2  in.  The  masonry,  however,  must  have  contracted  by  an  amount 
commensurable  with  that  given  by  the  calculation  for  the  stress  set  up 
by  the  tendency  to  shrink.  Had  there  been  no  cracks,  this  would  have 
been  375  lb.  per  sq.  in.,  if  the  modulus  of  elasticity  were  2  500  000  lb. 
per  sq.  in.,  and  if  it  were  higher,  which  is  much  more  likely,  the  stress 
would  be  greater.  Even  if  the  masonry  remained  under  a  tension  of 
200  lb.  per  sq.  in.,  the  aggregate  width  of  the  cracks  must  have 
amounted  to  about  6  in.;  it  is  probable,  therefore,  that  there  were  a 
great  number  of  microscopic  cracks  which  were  not  visible. 

It  has  frequently  been  observed  that  in  a  concrete  structure  there 
are  more  cracks  than  in  a  similar  structure  of  stone  masonry.  This 
is  probably  because  concrete  can  only  relieve  itself  of  stress  by  a 
fracture  of  the  whole  mass,  while  a  masonry  structure  can  give  way 
by  creeping  and  shearing  between  the  component  stones  and  their  beds. 

The  amount  of  leakage  through  these  cracks  was  very  small,  and, 
at  the  worst  one,  only  amounted  to  about  5  or  10  gal.  per  hour,  and  de- 
creased very  considerably  after  the  reservoir  had  been  full  for  some 
time.  The  small  leakage  compared  with  the  size  of  the  cracks  is 
usually  assumed  to  be  due  to  the  irregularity  of  the  fracture,  and  to 
the  fact  that  the  width  is  much  less  in  the  heart  of  the  masonry,  where 
the  temperature  changes  are  much  smaller;  this  is  probably  the  correct 
explanation. 

A  reason  for  the  decrease  in  the  leakage,  after  the  reservoir  has 
been  full  for  some  time,  has  suggested  itself  to  the  speaker;  it  is  that 
the  masonry  on  the  up-stream  face  swells  when  it  becomes  wet,  and  in 
so  doing  closes  up  the  crack. 

That  swelling  is  a  very  real  factor  was  clearly  illustrated  in  the 
observations,  referred  to  by  Mr.  •  Gowen,  which  were  made  by  Sir 
Alexander  Binnie  on  a  concrete  beam  100  ft.  long  and  1  ft.  square  in 
section.  The  changes  of  length  due  to  changes  in  the  humidity  of  the 
concrete  frequently  almost  entirely  masked  those  due  to  changes  of 
temperature,  and  it  was  only  after  arrangements  had  been  made  for 
measuring  the  amount  of  moisture  in  the  concrete,  every  time  an  ob- 
servation of  the  length  of  the  beam  was  made,  that  a  standard  of  com- 
parison could  be  established  for  the  various  observations  of  length, 
and  that  the  changes  of  length  due  to  changes  of  temperature  could 
be  distinguished  from  those  due  to  changes  of  humidity. 
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Mr.  BrowD.  With  regard  to  Mr.  Gowen's  paper,  there  are  two  points  which 
might  be  mentioned.  The  addition  of  a  foundation  line  to  the  longi- 
tudinal view  of  the  dam  would  tend  to  show  more  completely  the 
changes  of  section  from  point  to  point,  and  might  explain  the  position 
of  the  cracks. 

The  probable  reason  why  the  coefficient  of  expansion  of  the  masonry 
as  found  by  Mr.  Gowen  is  so  small  has  been  pointed  out  by  Mr.  Merri- 
man.  It  is  certain  that  the  range  of  temperature  of  the  masonry  itself 
must  have  been  less  than  that  of  the  atmosphere,  and,  had  it  been 
possible  to  observe  the  former  instead  of  the  latter,  a  very  accurate 
value  for  the  coefficient  might  have  been  obtained.  That  this  would 
have  been  the  same  as  that  shown  in  Table  4  is  not  very  probable,  for 
there  is  no  reason  why  various  kinds  of  concrete  and  masonry  differ- 
ing so  greatly  in  their  component  materials  should  show  any  in- 
variability in  their  coefficients  of  expansion. 

There  is  one  sentence  in  Mr.  Gowen's  paper  to  which  the  speaker 
wishes  to  take  exception.  After  stating  that  the  coefficients  he  ob- 
tained may  have  been  affected  by  the  gradual  drying  out  of  the 
masonry,  he  continues:  "Possibly  the  higher  coefficients  (the  first 
two  in  Table  4)  may  be  due  in  a  measure  to  this."  The  first  value 
of  the  coefficient  is  obtained  from  the  increase  of  length  due  to  a  rising 
temperature,  and  therefore  any  shrinkage  due  to  drying  would  have 
tended  to  reduce  the  coefficient  and  not  to  increase  it. 

Mr.  Merriman  has  stated  that,  in  the  use  of  the  thermophones  on 
the  Boonton  Dam,  there  was  great  difficulty  with  the  insulation  of  the 
wires.  He  suggests  that  the  wires  be  incased  in  lead.  This  was  dovie 
in  the  case  of  the  resistance  thermometer  built  into  the  Assouan  Dam., 
and  there  was  no  difficulty  in  getting  accurate  temperatures. 
Mr.  Gowen.  Ch.\rles  S.  Gowex,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  feels 
that  the  Society  is  to  be  congratulated  upon  the  comprehensive  and 
elaborate  discussions  that  his  paper  has  occasioned.  He  takes  this 
opportunity  to  thank  Messrs.  Honness  and  Merriman  especially,  for 
the  information  afforded  in  their  descriptions  of  temperature  effects 
at  the  Cross  River  and  Boonton  Dams,  and  for  the  specially  interest- 
ing and  instructive  results  which  the  thermophone  observations  at 
Boonton  have  afforded,  as  well  as  for  the  elaborate  deductions  concern- 
ing the  action  of  setting  mortar  in  connection  with  varying  air  tem- 
peratures and  their  effect  on  the  structure  in  question. 

Their  general  conclusions  would  seem  to  corroborate  those  of  the 
writer  as  expressed  in  the  paper,  while  the  thermophone  records 
afford  very  complete  information,  which  the  writer  deplored  as  lacking 
in  his  remarks,  as  to  the  results  of  temperature  changes  other  than 
those  due  to  the  air. 

As  such  complete  information  has  been  supplied  by  Messrs.  Honness 
and  Merriman  regarding  the  cracks  in  the  Cross  River  and  Boonton 


The  Masonry  shown  abovB  a*  la-l  in  1901  and  1905  repla^ 
the  Core  Wall,  partly  completed  and  then  removed. 
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NOTE:    ShnOed  portions  show  masonry  laid  in  June.  July,  August  ami  September. 

Heanlng  masonry  laid  in  1904  and  1905  is  Cyclopean,  with  Portland  Cement  Concrete. 

••      Pl's^o'isly  is  of  Rubble,  witli  Portland  Cement  above  Elevation.  160  ± 
and  with  Portland  and  Natural  Cements  below  Elevation  160  =t 
Figures  83  — 167  show  monthly  progress  masses. 
Cracks  are  Indicated  by  letters  thus  .X.  r.  and  broken  lines. 


PROFILE  OF  MAIN  DAM  LOOKING    DOWN  STREAM 
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Dams,  it  is  perhaps  well  to  supplement  the  original  paper  by  furnishing  Mr.  Oowen. 
similar  information  concerning  the  New  Croton  Dam. 

The  cracks  referred  to  and  described  in  the  paper  are  those  on  which 
observations  were  made,  and  they  had  developed  either  in  the  winter 
of  1901-02  or  previously.  The  succeeding  winters,  however,  produced 
additional  cracks  in  tlie  masonry  laid  subsequent  to  that  in  which  the 
studied  cracks  occurred,  and  the  profile,  Plate  LVII,  includes  the  main 
dam  section  only.  The  overflow  section  and  profile  and  the  significant 
cracks  which  developed  in  it  are  shown  in  the  original  paper,  and  such 
cracks  as  may  have  developed  later  are  not  produced  here  as  they  are 
of  little  or  no  consequence. 

The  cracks  noted  on  this  profile  include  all  those  in  the  main  dam  to 
which  any  importance  was  attached.  If  others  occurred  they  were  of 
such  character  that  no  record  of  them  was  made,  and  the  writer  does 
not  recall  any  such. 

The  shaded  parts  of  the  profile  show  the  masonry  laid  in  the 
warm  months,  June,  July,  August,  and  September,  and  attention  is 
called  to  cracks  S,  Q,  T ,  Y ,  and  Z,  which  developed  in  the  winters  of 
1902-03,  1903-04,  and  1904-05,  as  shown.  Attention  is  also  called  to 
the  positions  of  8,  Q,  E,  and  D,  relatively  to  the  warm-weather 
masonry.  Y  and  Z  also  show  significantly,  in  the  same  connection, 
as  in  the  case  of  Z,  the  layer  of  cold-weather  masonry  is  not  heavy 
enough  to  protect  the  masonry  below  materially  from  the  influence  of 
temperature  change,  while  the  section  of  the  dam  at  this  point  is 
small,  in  comparison  with  the  buttress  section  on  either  side. 

Crack  8  developed  late  in  the  fall  of  1903.  During  the  following 
winter  it  extended  lower  into  the  masonry  laid  in  the  preceding  two 
years.  It  was  caulked  with  grout  and  lead  in  the  spring  of  1905,  before 
the  water  had  risen  permanently  behind  it,  and  since  then  has  shown 
in  the  winter  some  spraying  seepage  at  certain  elevations  on  the  down- 
stream side.  In  the  warmer  months  no  leakage  shows.  In  damp 
weather  sweating  discolors  the  down-stream  face  of  the  dam  at  various 
points,  and  some  of  it  may  come  from  this  and  other  cracks.  When 
the  sun  reaches  the  face  of  the  dam,  however,  the  dampness  dis- 
appears and  at  no  time  during  the  warm  months  is  this  sweating 
enough  to  create  any  flow  of  water,  or  even  a  marked  dampness. 

Crack  8  is  of  interest  in  that  it  extends  down  from  the  top  of  the 
dam  about  70  ft.,  and  in  that  its  development  was  continued  through 
two  if  not  three  winter  seasons,  indicating  clearly  that  its  later 
developments  were  due  very  largely  and  directly  to  atmospheric 
changes  in  temperature,  as  the  changing  temperature  of  the  masonry 
due  to  the  aging  of  the  cement  mortar  could  not  have  been  great, 
although  chemical  action  in  Portland  cement  mortar,  in  the  writer's 
opinion,  is  by  no  means  limited  to  one  or  two  years  after  its  use. 
However,  such  action  is  so  moderate  and  gradual  that  it  may  have  no 
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Mr.  Gowen.  influence,  practically,  on  the  mass  temperature  after  the  first  year, 
as  seems  to  be  indicated  by  the  thermophone.  The  parts  of  the  dam 
in  which  the  above-noted  cracks,  S,  Q,  Tj  Y,  and  Z,  occur  were  built 
of  Portland  cement  which  showed  quick-setting  and  high-breaking 
records,  as  doubtless  did  the  cements  used  at  Cross  River  and  Boonton, 
and,  as  Mr.  Merriman  remarks  in  his  general  conclusions,  it  would 
seem  that,  with  slow-setting  cements,  setting  temperatures  would  be 
lessened.  Mr.  Honness  touches  the  same  point  when  he  alludes  to  the 
temperature  changes  as  due  to  greater  rapidity  of  construction  causing 
greater  retention  of  heat  and  greater  temperature  range  in  setting  of 
masonry. 

It  would  seem  to  the  writer,  therefore,  that  a  comparison  of  this 
New  Croton  Dam  profile  with  the  Boonton  and  Cross  River  profiles, 
shows  similar  results  arising  from  similar  conditions.  The  Cross 
River  profile  shows  4  cracks.  They  developed  in  the  winter,  in 
masonry  laid  in  the  previous  summer.  The  three  main  cracks,  it 
would  seem  to  the  writer,  occur  at  intervals  notably  regular,  and  all 
the  cracks  tend  to  locate  or  occur  at  the  junction  of  racked  masonry 
masses,  though  this  tendency  is  not  equally  marked  in  every  case. 

At  Boonton  the  cracks  also  developed  with  cold  weather,  and  in 
warm-weather  work.  The  effect  of  reasonably  heavy  masses  laid  later 
in  the  season  in  protecting  summer  work  is  remarkable,  as  is  the 
tendency  of  cracks  developed  in  the  masonry  of  one  season  to  extend 
down  into  the  warm-weather  masonry  of  the  previous  season.  This  is 
also  shown  in  the  case  of  Crack  S  at  the  New  Croton  Dam.  The 
uniformity  of  the  crack  intervals,  shown  on  the  profile,  in  the  masonry 
laid  in  the  third  season  (summer),  as  noted  by  Mr.  Merriman,  is, 
under  the  conditions,  what  should  be  expected.  The  racks  occasioned 
by  the  work  done  in  August,  1903,  which  work  remained  in  that  shape 
during  the  winter  following,  have  cracks  at  their  feet  and  a  crack 
shows  also  at  the  foot  of  the  September  rack  of  the  same  season;  and 
it  would  seem  that,  among  other  causes  that  influence  the  formation 
and  location  of  cracks,  the  varying  section  must  be  considered,  and 
that  in  fact  the  question  of  crack  development  may  be  summarized  as 
due  chiefly  to  the  following  specific  causes,  viz., 
Masonry  laid  in  warm  weather; 
Masonry  laid  with  mortar  in  which  quick-setting,  finely-ground, 

high-testing  cement  is  used; 
Irregularity  in  sectional  area,  whether  due  to  the  plan  of  the 
structure  or  to  the  way  in  which  the  building  progresses. 

The  following  are  special  descriptions  of  Cracks  S  and  Y,  of  the 
New  Croton  Dam  profile: 

S. — This  crack  developed  in  November,  1903.  It  was  a  vertical 
crack  extending  down  to  the  invert  of  the  gallery.  Elevation  207=1=, 
cracking  the  facing  stones  in  the  up-  and  down-stream  cornices,  and 
passing  freely  the  water  forced   in  to  test  it.     In  December,  1904, 
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the  crack  had  increased  in  size,  and  widened,  and  the  cracked  stones  Mr.  Oowen. 
in  the  up-stream  face  showed  plainer  and  the  facing  stones  were  found 
to  he  cracked  in  the  28th  course  l)elovv  the  three  dimension-stone 
courses  of  the  coping.  In  Novemher,  1905,  this  crack  had  extended 
down  to  the  34th  course  of  facing  stone  helow  the  dimension-stone 
courses.  Cracked  stones  showed  in  the  24th  and  36th  courses  on  the 
up-stream  side  and  in  courses  on  the  down-stream  side,  where,  however, 
the  crack  is  more  limited  in  extent,  and  extends  downward  only  about 
50  ft.  from  the  top  of  the  dam.  In  its  upper  reaches,  this  crack  showed 
in  cold  weather  on  the  top  of  the  dam  and  on  the  up-stream  side  a 
width  of  at  least  ^  in.  and  its  development  on  both  faces  of  the  dam 
indicated  very  clearly  from  the  number  of  cracked  stones  in  its  line 
the  tremendous  force  acting  to  produce  this  disruption.  Various 
tests,  from  time  to  time,  begun  shortly  after  its  first  development, 
showed  that  the  crack  would  pass  water  freely  when  poured  in  from 
the  top,  the  water  finding  its  way  out  on  the  faces  of  the  dam.  In 
March,  1905,  the  water  in  the  basin  rose  to  Elevation  174,  or  to  an 
elevation  of  about  25  ft.  above  the  bottom  of  the  crack  on  the  up- 
stream side.  This  elevation  of  the  water  was  maintained  for  some 
weeks,  and  was  then  gradually  lowered.  On  September  1st,  the  water 
which  had  been  kept  at  about  Elevation  180  for  much  of  the  summer 
was  drawn  oS. 

Early  in  this  season  some  seepage  was  noticeable  on  the  down- 
stream side  at  the  lower  end  of  the  crack.  While  this  was  particu- 
larly noticeable  in  March,  it  became  less  as  the  weather  grew  warmer, 
and  on  bright  days  disappeared. 

Advantage  was  taken  by  reason  of  the  access  afforded  by  the  water 
in  the  basin  to  examine  and  treat  this  crack.  It  was  grouted  early  in 
April  from  Elevation  160 ±  to  the  top  of  the  dam.  Below  Elevation 
160  the  crack  was  too  fine  to  grout.  This  grouting  was  accomplished 
by  plastering  the  crack  with  clay  for  successive  heights  of  about  2  ft. 
beginning  at  the  bottom.  Retaining  dams  were  thus  formed  above 
which  this  grout  of  neat  cement  was  poured.  In  this  way,  20  bags 
or  5  bbl.  of  cement  grout  were  introduced  into  the  crack.  This  was 
considered  quite  a  satisfactory  operation,  although  none  of  the  grout 
showed  on  the  down-stream  side. 

Later  in  the  season  (June),  when  the  water  had  lowered  and  access 
to  the  lower  reaches  of  the  crack  could  be  had,  further  attempts  to 
introduce  grout  in  this  part  were  made,  but  without  success.  The 
whole  length  of  the  crack  was  then  channeled  by  stone  cutting  the  face 
of  the  masonry,  a  cut  1  to  2  in.  in  width  and  2  in.  in  depth  being  made. 
This  crack  was  caulked  with  lead  and  was  then  left  to  be  recaulked 
before  the  basin  refilled  in  case  further  indications  of  the  widening 
of  the  crack  occurred. 

Y. — This  crack  developed  late  in  the  autumn  of  1905,  shortly  after 
the   completion   of  the   upper  stretches   of  the  masonry   in   which   it 
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Mr  Gowen.  occurs.  It  extends  from  the  new  masonry  down  into  masonry  which 
is  more  than  four  years  older,  and  which,  up  to  this  time,  had  with- 
stood temperature  changes  without  cracking.  At  the  time  of  writing 
the  foregoing  description  (February,  1906),  the  crack  was  46  ft.  deep 
on  the  up-stream  side,  was  on.  the  top  easily  4  in-  wide,  and  took  grout 
freely.  It  has  been  caulked  with  lead  on  the  up-stream  side  as  was 
Crack  S,  The  facing  stones  in  both  the  dam  faces  show  the  customary 
vertical  cracks. 

Mr.  Merriman  reaches  the  conclusion  that,  in  a  structure  com- 
parable to  the  Boonton  Dam,  and  built,  it  is  assumed,  of  similar 
materials,  it  will  take  about  a  year  for  the  masonry  to  reach  a  tempera- 
ture which  will  depend  only  on  its  position  in  the  dam  and  the  atmos- 
pheric temperature  changes,  and  he  refers  to  certain  experiments  on 
the  temperature  of  setting  mortar.  The  writer  would  also  call  attention 
to  some  experiments  made  at  the  Watertown  Arsenal  on  12-in.  cement 
cubes.  Twenty-nine  different  cubes  were  tested.  These  represented 
27  different  brands  of  Portland  cement,  and  included  4  tests  of  "old" 
cements,  meaning,  it  is  presumed,  cements  which  had  been  ground  and 
in  stock  for  an  extended  time.  The  average  initial  temperature  of 
the  29  tests  was  25°  cent.  =  77°  fahr.,  and  the  maximum  temperature 
(average)  developed,  reached  85°  cent.  =  185°  fahr.,  giving  an 
average  rise  of  108°  fahr.  in  an  average  time  of  13  hours. 

In  the  case  of  the  4  samples  of  "old"  cement,  the  average  initial 
temperature  was  16°  cent.  =  59°  fahr.;  the  average  maximum  tempera- 
ture was  70°  cent.  =  158°  fahr.,  and  the  average  rise  was  99°  in  an 
average  time  of  19  hours. 

The  above  results,  as  well  as  those  on  which  Mr.  Merriman  bases 
his  calculations,  are  derived  from  finely  ground,  high-burned,  quick- 
setting  cements,  cements  which  it  is  assumed  are  all  or  mostly  the 
product  of  the  modern  rotary-kiln  process.  Mr.  Brown,  in  his  inter- 
esting references  to  the  Assouan  Dam,  states  that  comparatively  few 
cracks  developed,  notwithstanding  great  irregularity  in  the  construc- 
tion progress,  as  well  as  a  somewhat  large  range  in  temperature  ex- 
tremes. It  is  suggested  that,  among  other  causes  which  may  have  tended 
to  such  a  result,  the  cement  used  was  slow-setting  and  well-seasoned, 
and  therefore  of  comparatively  limited  or  small  chemical  intensity  in 
its  action.  Mr.  Deacon,  in  his  accounts  of  the  Vyrnwy  Dam,  states 
that  great  pains  were  taken  to  keep  the  masonry  at  a  mean  level  as  it 
progressed.  Progress  was  comparatively  slow  .and  moderate,  and  the 
cement  used  was  seasoned  after  delivery  at  the  dam  by  exposure  to  the 
air  in  beds  about  6  in.  thick,  which  were  moved  or  turned  daily  for  two 
weeks  before  use.  No  cracks  in  the  structure  resulted.  The  range  in 
atmospheric  temperature  in  Wales,  however,  is  hardly  as  great  as  in 
New  York  or  Egypt. 

As  to  Mr.  Merriman's  sections  showing  curves  of  temperature 
range  in  the  Boonton  Dam,  it  may  be  said  that  the  actions  of  the 
cracks  at  the  New  Croton  Dam  suggested  conditions  which  would  have 


DISCUSSION  ON   KFFKCT  OF  TK.M  I'KKATIHF  (HANOKS  ON    MASONRY    437 

been  explained  under  the  varying  temperature  range  theory,  and  among  Mr.  Oowen. 
these  conditions  it  was  assumed,  at  the  time  the  investigations  were  in 
progress,  that  the  eraeks  were  of  less  dimensions  in  the  interior  than 
nearer  the  outside  of  the  masonry. 

As  to  the  coefficient  of  expansion,  0.00000307,  derived  by  the 
writer,  Mr.  Merriman  may  be  right  in  his  contention  that  the  effective 
temperature  range  is  less  than  that  shown  by  the  atmospheric  changes, 
but  the  masonry  section  in  which  the  observations  were  made  consisted 
of  heavy  dimension  stones  in  a  comparatively  small  cross-section,  and, 
as  noted  in  the  paper,  the  total  expansion  must  have  been  affected  by 
the  drying  out  or  shrinkage  cracks  in  the  cross-joints  between  the  stones 
which  had  developed  before  the  observations  were  begun.  The  tempera- 
ture range  in  the  section  in  question  as  assumed  from  the  observed 
atmospheric  temperatures  was  at  the  maximum,  72°,  as  shown  in 
the  table.  It  would  not  seem  that  Mr.  Merriman's  contention,  that 
the  actual  range  was  materially  less,  holds,  as  his  deduced  curves  of 
total  temperature  range  in  the  Boonton  Dam  where  the  section  is  at 
least  50  ft.  thick  indicate  a  minimum  of  but  60  degrees.  The  writer's 
coefficient,  of  course,  was  offered  for  what  it  was  worth,  and  as  cor- 
roborating approximately,  in  a  practical  way,  the  results  of  scientific 
experiment,  but  the  result,  it  would  seem,  also  indicates  and  confirms 
this  point,  that  masonry  masses  do  not  show  the  same  rates  of  change  as 
are  indicated  from  expansion  experiments  made  on  the  usual  small 
scale.  If  it  were  not  so,  we  should  expect  to  find  a  total  amount  of 
contraction  approaching  the  total  theoretical  width  of  cracks  in  such 
structures  as  the  dams  under  discussion,  and  with  no  resulting  internal 
strains. 

!Mr.  Brown,  in  his  summary  of  the  author's  conclusions,  seems  to 
be  in  error  in  that  he  states  that  masonry  work  should  not  be  carried 
on  in  hot  weather.  The  author's  limitations  as  to  warm-weather  work 
were  confined  to  uniform  sectional  progress  and  to  covering  such  work 
with  heavy  layers  laid  in  the  colder  months. 

Mr.  Brown  alludes  to  the  lack  of  the  foundation  line  in  the 
longitudinal  profile  of  the  New  Croton  Dam,  given  in  the  paper,  and 
suggests,  that,  were  this  line  given,  the  changes  of  section  might  be 
shown  more  completely,  and  possibly  further  explanation  of  the  position 
of  these  cracks  would  be  afforded.  It  is  not  thought,  however,  that 
such  would  be  the  case,  as  the  cracks  do  not  anywhere  extend  below 
a  point  when  the  section  is  more  than  40  ft.  thick  while  the  section 
at  the  foundations  in  the  main  dam  varies  from  220  to  130  ft.  in 
thickness,  according  to  the  depth  to  which  the  foundation  work  is 
carried.  Moreover,  this  foundation  masonry  was  built  very  largely 
of  natural  cement  mortar  and  was  laid  several  years  before  the 
masonry  which  developed  cracks.  Its  influence,  therefore,  on  the 
formation  and  position  of  these  cracks,  coi;ld  not  have  been  significant. 
At  the  point  where  the  Crack  S  occurs,  the  height  of  the  masonry 
section  above  its  base  is  about  270  ft. 
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THE  MINING  OF  METALS. 

An  Informal  Discussion  at  the  Annual  Convention,  June  25tli,  1908. 


By  Edwin  N.  Hawkins,  Esq. 


Mr.  Hawkins.  Edwin  'N.  Hawkins,  Esq.* — Colorado  mining  methods  and  pro- 
cedure, and  the  efficiency  of  its  miners,  are  everywhere  synonyms  for 
excellence  and  intelligence  in  the  field  of  mining.  This  is  the  result 
of  long  years  of  schooling  in  battling  with  the  problems  the  industry 
has  presented  in  this  State.  No  other  commonwealth  has  encountered 
an  equal  number  of  problems  for  the  profitable  treatment  of  refractory 
ores.  Starting  with  the  first  lode  mining  in  Gilpin  County,  the 
pioneers  speedily  came  to  the  sulphides,  which  baffled  their  attempts 
to  win  the  gold  and  silver  by  the  only  method  then  known,  amalgama- 
tion with  mercury.  It  required  several  years  for  even  small  progress 
toward  rendering  the  metals  partially  free  by  roasting  the  sulphides 
containing  them.  The  building  of  the  smelting  works  at  Black  Hawk, 
in  Gilpin  County,  thus  marked  an  era  of  advancement.  Following 
closely,  the  Leadville  District  was  opened,  together  with  several  minor 
camps,  and  at  once  it  became  necessary  to  apply  smelting  methods 
to  recover  the  values.  Placer  mining  had  preceded  both  in  this  and 
the  Gilpin  section,  having  had  its  birth  with  the  first  discovery  of  gold 
in  the  State,  on  the  banks  of  Cherry  Creek,  within  the  City  of  Denver. 
Even  with  the  application  of  shaft-furnace  smelting  in  Leadville, 
however,  the  problems  of  the  necessary  recovery,  to  render  mining 
profitable,  were  only  beginning  to  be  met.  Trained  metallurgists, 
schooled  in  Germany,  were  the  initial  brains  and  energy,  and  the 
leaders  in  the  infant  industry.     They  were  soon  joined  by  young  men 

*  Member,  American  Institute  of  Mining  Engineers. 
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from  technical  scliools,  and  the  improvements  made  in   the  recovery  Mr.  Hawkins, 
of  values  were  rapid.    Thus  progress  in  metallurgy  has  been  intimately 
and   constantly   connected   with   the   growth   of   the   mining   industry 
from  its  very  beginning  in  Colorado. 

The  ore  products,  first  valued  for  their  gold  and  silver  contents 
only  and  paying  the  miner  less  than  what  would  now  be  an  enormous 
treatment  charge,  were  of  necessity  high  in  grade.  Gradually  the 
contained  lead  and  copper  were  paid  for,  and  added  to  the  gross  value 
of  the  ton,  and  finally  the  miner  began  to  share  also  in  the  value  of 
the  more  desirable  fluxing  constituents  of  his  ore  product.  That 
which  in  1879  was  a  small  weight  in  tons  and  high  in  grade  was 
added  to  in  the  growth  of  ten  years  by  many  thousands  of  tons 
monthly,  which  brought  the  producer  upwards  of  $10  more  per  ton 
in  first  or  gross  valuation,  by  reason  of  these  new  features  and  an 
accompanying  reduction  in  the  treatment  charge  as  well.  The  pro- 
gressive smelting  establishments  gi"ew  in  tonnage,  importance,  and 
profit;  and  the  development  of  some  of  the  newer  districts  furnished 
them  with  the  necessary  variety  of  ores  to  stimulate  still  further  the 
tonnage  production  of  the  mines,  together  with  their  own  growth  and 
prosperity. 

Thus  the  pioneer  solution  of  mining  and  metallurgical  problems 
has  made  the  rank  and  file  in  the  State's  mining  industry  the  leaders 
in  methods,  production,  and  both  mechanical  and  metallurgical 
perfection. 

The  coal  product  and  the  transportation  facilities  of  the  State 
have  played  important  parts  in  its  mining  history.  Its  districts  have 
been  quickly  rendered  easy  to  reach  by  rail,  and  the  most  speedy 
development  has  been  made  possible.  At  no  time  has  the  industry  or 
its  metallurgical  sister  been  dependent  on  resources  without  the  State 
boundaries.  In  due  course  of  electrical  advance,  Colorado  was  the 
first  State  to  apply  this  force  to  mining  operations.  The  application 
of  electrical  power  to  mining  dates  back  to  installations  in  Aspen, 
first  for  mine  hoists  and  later  in  this  camp,  as  well  as  generally  in 
most  of  the  other  mining  districts  in  the  State,  to  pumps,  blowers, 
air  compressors,  mine  and  mill  haulage,  shops  and  motors,  with  the 
power  for  these  latter  applied  also  directly  at  the  point  of  its  use  upon 
a  particular  machine.  Water-powers  in  Colorado  were  developed  for 
electrical  conversion  and  subsequent  distribution  to  the  mines.  Where 
such  powers  are  not  available,  central  power-plants  are  using  coal. 

In  the  high,  mountainous  sections  of  Southwestern  Colorado,  the 
successful  operation  of  a  number  of  large  mines  is  the  direct  result 
of  the  utilization  of  a  more  or  less  distant  water-power  and  its  electri- 
cal conversion  and  transmission  to  the  point  of  desired  application  in 
both  mine  and  mill.  In  such  cases  solid  fuel  could  not  have  been 
transported  and  used  except  at  such  an  enormous  expense  that  loss 
would  have  been  the  net  result,  instead  of  profit.     With  the  growth 
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Mr.  Hawkins,  of  particular  mining  districts,  the  application  of  the  current  has  made 
possible  the  use  of  lengthy  individual  or  community  development,  and 
transportation  tunnels  and  drifts  to  cross-cut  or  open  veins  at  greater 
depths,  with  a  consequent  delivery  of  the  ore  product  nearer  to  treat- 
ment mills  or  transportation  facilities.  It  is  true  that  the  first  few 
years  of  the  application  of  electricity  to  mining  showed  small  progress; 
but  it  was  entirely  due  to  two  factors:  The  uncertainty  naturally  felt 
in  the  use  of  a  new  power,  and  the  time  requisite  for  manufacturers 
to  learn  the  needs  of  the  industry  and  become  acquainted  with  the 
conditions  to  be  met  in  underground  work.  Electric  drills  present 
the  only  problem  not  yet  solved  by  the  current  with  entire  satisfaction, 
but  progress  in  these  machines  in  the  past  few  years  has  been  such 
that  the  difficulties,  which  are  altogether  of  a  mechanical  nature,  will 
undoubtedly  be  overcome. 

Probably  no  section  of  the  State,  with  the  exception  of  the  mining 
camps  of  Southwestern  Colorado,  presented  as  favorable  a  field  as  the 
Cripple  Creek  District  for  the  use  of  the  electric  current  in  mining 
operations.  There,  even  though,  close  to  the  south,  there  were  large 
producing  fields,  the  considerable  expense  of  coal  furnished  ideal 
conditions  for  the  manufacture  and  transmission  of  the  current  from 
centrally-located  stations  at  or  close  to  the  coal  mines.  The  great 
monthly  ore  tonnage  of  the  district  from  both  the  larger  mines  and 
the  many  individual  lessees,  working  smaller  blocks  of  mining  ground, 
has  made  a  ready  market  for  electrical  power,  and  its  use,  particularly 
for  operators  of  the  latter  kind,  has  been  indispensable.  In  no  other  way 
could  many  of  the  lessees  of  the  district  have  opened  the  same  amount 
of  profitable  ore  in  the  limited  time  allotted  by  their  lease.  In  this 
manner,  not  only  have  the  normal  growth  and  production  of  the 
camp  been  fostered,  but  the  frequent  consequent  reduction  in  the 
mining  cost  per  ton  of  ore  has  actually  added  a  tonnage  of  ore  which 
could  have  been  made  available  in  no  other  way.  The  system  of  rental 
of  motors  has  also  reduced  the  initial  outlay  of  the  lessee  operator, 
and  hence  the  benefit  derived  has  been  shared  by  the  manufacturer  of 
the  current  as  well  as  the  lessee.  The  Colorado  gold  production  in 
1907  was  $20  888  833.  In  1906  it  was  $22  934  400,  a  decrease  of 
$2  045  567  in  the  last  calendar  year.  Much  or  all  of  this  decrease  was 
caused  by  the  destruction  by  fire  of  the  largest  ore  treatment  mill  in 
the  State,  which  was  operating  entirely  on  Cripple  Creek  ores.  This 
calamity  necessitated  the  suspension  of  contracts  for  a  period  of  five 
months.  The  reconstruction  of  the  mill  was  completed  in  January, 
1908. 

The  mining  of  silver  is  connected  more  intimately  than  gold  with 
ores  carrying  also  the  base  metal  values  of  lead,  zinc  or  copper,  or 
any  association  of  them.  Some  of  these,  indeed  a  large  proportion, 
either  require  concentration  by  putting  any  possible  given  number 
of  tons  into  one,  or  they  become  more  profitable  thereby.     Most  of  the 
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treatment  of  this  character  is  applied  by  the  mine  at  its  own  plant,  Mr.  ilawkina. 
and  the  product  is  shipped  to  smelting  centers.  In  other  cases,  custom 
plants  either  purchase  the  mined  products  outright,  or  charge  the 
shipper  at  a  tonnage  rate  and  return  him  the  concentrated  product 
for  his  own  disposition.  The  crude  and  concentrated  products,  carrying 
silver  and  lead  values,  are  reduced  to  metal  at  the  smelter  center. 
In  1907  the  silver  product  of  Colorado  was  11648136  oz.,  Troy, 
having  a  value  of  $7  687  769.  In  1906  it  was  12  447  400  oz.,  Troy,  hav- 
ing a  value  of  $8  185  276.  The  decline  in  the  price  of  the  metal  was 
sharp  during  the  last  five  months  of  the  year,  in  common  with  the 
prices  of  lead,  zinc,  and  copper.  The  total  fluctuation — between  68 
and  52  cents  per  oz. — was  marked  by  a  drop  of  10.68  cents  per  oz. 
from  August  to  November,  1907.  A  natural  curtailment  of  production 
resulted,  and  was  increased  by  a  restricted  market  for  lead  ores  during 
a  portion  of  the  year. 

The  lead-ore  production  of  Colorado  is  associated  with  silver 
occurrences,  and  is  treated  altogether  by  the  smelting  establishments. 
During  1907  the  production  was  50  000  short  tons,  having  a  value  of 
$5  111  000,  while  the  tonnnge  of  1906  was  51  000  tons,  having  a  value 
of  $5  756  658.  During  1907  the  price  of  the  metal  fell  from  6  to  3.65 
cents  per  lb.  The  drop  in  prices,  resulting  finally  in  the  abandonment 
of  any  effort  to  maintain  a  fixed  rate  and  an  open  market  throughout 
the  country,  caused  the  smelting  establishments  to  discourage  the 
mining  and  shipment  of  lead  ores  for  the  last  six  months  of  1907, 
except  where  contract  obligations  prevented. 

When  zinc  accompanies  lead  in  silver  ores,  usually  to  an  extent 
in  excess  of  8  or  10%,  it  frequently  renders  the  ores  unprofitable  as 
to  their  other  metal  value,  and  in  such  cases  the  electric  current, 
again,  has  been  applied  advantageously,  and  a  separation  made  of  the 
complex  ore  into  three  products,  namely,  zinc  sulphide,  lead  sulphide 
(both  as  concentrated  products),  and  the  comparatively  valueless 
quartz  or  rock  waste.  In  the  past  few  years  a  very  large  industry  has 
been  adding  to  the  State's  production — chiefly  from  Leadville — by  this 
method  of  separation  and  concentration.  In  1907  the  production  of 
zinc  from  ores  was  nearly  130  000  tons,  having  a  value  of  $5  000  000, 
of  which  5  332  tons  was  spelter,  and  practically  all  of  it  was  thus 
obtained,  giving  two  valuable  products  from  a  formerly  valueless  one. 

The  copper  production  of  the  State  is  of  comparatively  little  im- 
portance, being  only  a  little  more  than  1%  of  the  whole  country's 
total.  The  building  of  new  railroads  will  open  virgin  copper  and  gold 
fields  during  1908  and  1909.  The  production  for  1907  and  for  1906 
has  been  about  5  000  tons  of  copper  yearly. 

The  production  of  metalliferous  ores  has  received,  and  will  always 
receive,  a  very  large  proportion  of  the  benefits  and  savings  arising 
from  the  advancements  of  the  metallurgical  art.     Prosperity,  there- 
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Mr.  Hawkins,  fore,  is  directly  increased,  and,  in  return,  there  is  mined  a  greater 
tonnage  of  ore.  Even  though  the  grade  of  the  average  be  lower,  the 
net  profit  is  increased;  hence  the  mine,  the  treatment  plant,  and  the 
labor  employed  all  share.  In  a  comparatively  short  time,  smelting 
charges,  on  much  of  the  ore  product  of  the  State,  have  been  reduced, 
and  in  many  cases  rates  have  been  established  for  the  especial  purpose 
of  stimulating  the  production  of  the  fluxing  ores,  carrying  lead  and 
iron  in  important  quantities.  These  advantages  and  encouragements 
have  also  been  extended  to  shippers  of  silicious  or  quartzy  ores  of  the 
Cripple  Creek  District,  and  the  tonnage  produced  has  responded  ac- 
cordingly. The  mills,  however,  have  been  the  most  important  factor  in 
this  respect.  The  chlorination  treatment  of  Cripple  Creek  ores,  first 
extensively  and  successfully  applied,  has  been  still  further  improved, 
chiefly  in  the  cost  per  ton,  by  fine  grinding  and  cyanidation  of  the 
roasted  ores.  One  large  plant  is  reducing  in  excess  of  20  000  tons 
monthly  from  the  mines  of  Cripple  Creek.  A  portion  of  this  quantity 
is  ore  having  a  gross  value  of  less  than  from  $8  to  $12  per  ton,  and 
the  mere  fact  that  such  low-grade  ores  return  a  profit  to  both  the 
producer  and  the  reducer,  where  it  was  formerly  impossible  to  mine 
them,  speaks  eloquently  of  metallurgical  progress  in  this  particular 
field.  Ores  of  still  lower  value,  even  such  as  are  being  taken  in  bulk 
or  sorted  from  what  were  formerly  waste  mine  dumps,  are  now  being 
treated  in  a  large  way  at  the  new  Independence  Mill  and  others.  The 
absence  of  necessity  for  roasting  these  very  low-grade  ore-dump 
tonnages  reduces  the  cost  so  much  that  it  is  likely  that  this  practice 
will  be  extended  to  other  mines  and  dumps  before  the  year  is  over. 
Metallurgy,  therefore,  has  been  a  most  important  adjunct  in  the  pro- 
gress of  a  section  which  still  continues  to  be  the  largest  gold-producing 
mining  camp  on  the  Continent. 

The  use  of  the  slime  treatment  and  the  filter  press,  both  with  tube- 
mill  grinding  and  the  cyanidation  of  gold  and  silver  ores,  is  yet  to 
come  in  Colorado,  and  remains  to  be  developed  upon  some  appropriate 
ores.  The  treatment  is  speedy,  the  cycle  is  continuous,  and  hence  the 
tonnage  handled  will  be  so  large  that  the  low  cost  per  ton  will  give 
an  attractive  profit.  In  numerous  instances  in  Clear  Creek  and  Gilpin 
Counties  concentration  mills  have  made  important  improvements  in 
their  mechanical  handling  and  their  percentage  of  saving.  In  these 
counties  there  has  been  the  same  value  in  ore  production  for  each 
of  the  past  two  years,  with  the  advantage,  however,  that  in  the  past 
twelve  months  an  unusual  amount  of  development  work  has  been  ac- 
complished by  the  application  of  the  cheaper  electrical  power  trans- 
mitted from  a  central  station.  As  a  result  of  the  year's  improvements 
in  metallurgical  practice,  the  State  will  have,  from  these  long-estab- 
lished and  substantial  mine  districts,  a  largely  increased  production 
of  both  ores  and  values  in  gold  and  silver,  as  well  as  in  concentrates 
containing  lead  and  zinc. 
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The  progress  of  Colorado  in  a  few  years  in  zinc  metallurgy  has  Mr.  Hawkins. 
been  noteworthy.  In  spite  of  the  first  high  cost  of  plants  for  magnetic 
soparation,  nuifh  has  boon  and  is  being  done.  Bosidos  the  Wetherell 
separator,  which  has  been  the  pioneer  in  this  field,  the  Blake  patents, 
together  with  important  improvements  acquired  by  the  Blake  Com- 
pany, have  successfully  applied  the  electro-static  current  to  the  separa- 
tion of  the  sulphides  of  lead  and  zinc,  and  have  entered  a  field  not 
open  to  the  Wetherell  separator,  but  between  them  they  cover  all 
classes  of  zinc  sulphides.  Recently,  Blake  improvements  have  shown 
ability  to  make  a  closer  split  or  saving  than  before,  and  the  speedy 
application  of  these  machines  to  the  general  sulphide  product  from 
Leadville,  Clear  Creek,  and  other  districts,  may  be  expected.  A,  R. 
Wilfley  has  devised  and  made  successful  the  application  of  a  rapid 
magnetic  or  magnetizing  roasting  of  sulphide  ores,  followed  by  mag- 
netic separation  of  the  product  into  concentrates  and  waste.  There 
are  in  the  State  already  six  such  plants,  built  and  building,  having 
a  total  daily  capacity  of  700  tons  of  crude  ore.  Thus  the  value  of  the 
zinc  ore  and  metal  product  of  the  State  is  rapidly  approaching  that 
of  its  lead. 

Still  another  method,  as  yet  more  or  less  in  the  experimental  stage, 
however,  promises  to  become  a  useful  adjunct  to  the  mining  and  suc- 
cessful handling  of  low-grade  lead  and  zinc  sulphides.  It  is  the 
Elmore  process,  and  is  based  on  the  action  of  dilute  acids  on  crushed 
low-grade  sulphide  ores,  whereby  hydrogen  is  produced.  The  gas  acts 
as  a  float  for  the  sulphide  particles,  and  they  are  withdrawn  by  a 
vacuum  suction,  dried,  and  subsequently  treated.  Enough  has  been 
done  to  indicate  eventual  commercial  success. 

It  is  to  be  noted  with  much  satisfaction  that  the  leasing  system 
is  again  being  extended  in  the  Cripple  Creek  District.  In  the  past, 
this  method  of  development  has  been  most  productive  of  tonnage 
and  value.  It  is  the  lessee  who  makes  the  most  of  the  new  dis- 
coveries. All  the  mining  districts  of  the  State  need  the  system.  The 
Northern  District,  comprising  Clear  Creek  and  Gilpin  Counties,  Lead- 
ville, and  the  Southwestern  sections  are  applying  it,  to  a  considerable 
extent,  from  all  of  which  material  results  may  certainly  be  expected. 

Gold  dredging  in  Colorado  is  practically  confined  to  Summit 
County,  on  the  Blue  and  Swan  Rivers,  where  two  companies  are 
actively  at  work  with  several  dredges  built  during  the  winter  of 
1907-08. 

The  great  variety  of  Colorado's  mineral  production  covers  nearly 
all  fields  of  engineering  and  material  needs.  For  some  years  past, 
ores  of  tungsten  have  been  produced,  chiefly  in  Boulder  County.  In 
1906  the  State's  product  was  valued  at  $225  000,  in  1907  it  reached 
double  that  figure,  in  spite  of  the  complete  cessation  of  purchases  of 
tungsten  concentrates  during  the  last  two  months  of  the  year.    Activity 
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Mr.  Hawkins,  in  this  industry  is  again  established.  The  largest  portion  of  the 
country's  product  of  tungsten  is  mined  in  Colorado,  and  the  successful 
development  of  the  new  tungsten  lamp  will  create  a  still  larger  demand 
than  has  heretofore  come  from  the  steel  industry  alone. 

Several  years  ago  attempts  were  made  to  produce  oxides  of  vana- 
dium and  uranium  from  the  sandstone  deposits  of  San  Miguel  and 
Montrose  Counties,  in  Colorado.  Investigations  have  shown  the 
presence  of  these  oxides  in  commercial  quantities,  and  plans  are  now 
under  consideration  for  the  concentration  and  shipment  of  such 
products  to  Pittsburg  and  to  Germany.  Steel  makers  are  always  in 
the  market  for  these  oxides,  and  the  unit  price  offered  is  sufficiently 
high  to  stimulate  production. 

The  published  dividends  from  metalliferous  mining  in  Colorado 
were  $4  225  000  for  the  year  1907.  The  total  metalliferous  production 
referred  to  herein  was  $40  000  000  in  the  same  year.  Other  mineral 
products  brought  the  State's  total  production  up  to  $94  000  000.  Pro- 
gress thus  far  in  1908  is  at  a  rate  in  excess  of  these  totals. 

The  present  railroad  construction  of  the  Denver,  Northwestern  and 
Pacific  is  about  to  enter  a  section  of  Northern  Colorado  from  which 
the  State  will  soon  realize  increases  in  gold  and  copper  production 
as  well  as  an  immense  addition  to  its  coal  output.  Central  power- 
plants  are  under  extensive  construction  in  the  northern  and  southern 
parts  of  the  State,  and  their  completion  will  mean  a  great  deal  to  the 
miner,  who  will  then  be  able  to  secure  the  application  of  power  where 
the  cost  of  coal  has  heretofore  made  operating  prohibitive. 

No  labor  troubles  disturbed  the  State,  as  in  former  years,  and 
had  it  not  been  for  the  comparatively  small  effect  of  the  recent 
financial  disturbance  on  the  State's  ore  and  metal  productions,  felt 
chiefly  during  the  last  six  months  of  1907,  the  year  would  have  shown 
the  usual  normal  gain  of  5%  or  more.  The  mining  wage  scale  is  high, 
generally,  and  the  miners  are  in  the  main  satisfied.  Industrial  peace 
reigns,  and  it  will  not  be  soon  disturbed.  Regularity  of  work  has 
characterized  mine  operations  for  several  years  past,  with  the  excep- 
tions already  referred  to.  The  business  upheaval  during  the  autumn 
of  1907  was  not  felt  to  any  extent.  No  condition  of  unusual  pros- 
perity had  reigned  previously,  and,  while  some  sister  States  were 
keenly  affected,  Colorado  was  disturbed  very  little.  It  is  true,  that,  as 
compared  with  1906,  the  gold  production  fell  off  10%,  and  that  the 
dividend  record  was  slightly  reduced,  but  it  is  also  true  that  1907  saw 
little  or  no  reduction  in  the  number  of  tons  of  ore  produced,  or  in  the 
number  of  hours  of  employment  of  the  wage  earner  in  mining.  What 
might  be  called  an  investment  basis  in  the  State's  mining  operations 
was  reached.  Speculation  has  been  largely  eliminated,  and,  from  the 
mining  fields,  one  may  confidently  look  for  the  regular  results  to  be 
expected  from  progressive  metallurgical  improvement,  accuracy,  and 
energy. 
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Arthur  H.  Blanchard,  Assoc.  M.  Am.  Soc.  C.  E. — Although  the  Mr.  Blanchard. 
subject  of  this  discussion  covers  the  maintenance  of  various  types  of 
surfaces  built  in  the  country  districts,  and  hence  includes  earth,  gravel, 
and  macadam  roads,  this  introductory  discussion  will  be  devoted  ex- 
clusively to  the  surface  construction  and  the  maintenance  of  macadam 
roads  subjected  to  modern  traffic. 

Five  years  ago  the  highway  engineer  had  to  contend  with  the 
action  of  the  elements,  poor  foundations,  narrow  tires,  heavy  loads, 
and  road  material  deficient  either  in  resistance  to  abrasion,  in  hard- 
ness, toughness,  or  in  cementing  properties.  Since  then  the  nature  of 
the  traffic  to  which  macadam  roads  have  been  subjected  has  changed 
materially.  The  advent  of  the  swiftly-moving  motor  car  has  necessi- 
tated a  readjustment  of  methods,  both  of  construction  and  maintenance. 

In  order  to  facilitate  an  intelligent  discussion  of  the  subject  of  the 
maintenance  of  macadam  roads,  from  the  standpoints  of  economics 
and  efficiency,  it  is  advisable  to  consider  a  classification  of  suburban 
and  country  roads,  especially  in  those  States  in  which  a  large  per- 
centage of  the  main  highways  is  used  by  motorists.  Otherwise,  that 
important  and  fundamental  problem,  the  adaptation  of  raacadam 
roads  to  modern  traffic,  will  be  lost  sight  of  in  the  discussion  of 
various  methods  experimented  with  for  the  allaying  of  dust  and  the 
preservation  of  highways. 
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It  is  practicable  to  recognize  three  classes  of  highways  existing 
outside  of  the  city  limits,  the  classification  being  based  on  the  amount 
and  character  of  the  traffic  to  which  the  roads  are  subjected.  Naturally, 
these  classes  merge  into  and  overlap  each  other  in  many  cases,  but 
the  classification  will  suffice  as  a  basis  for  comparison.  The  first 
class  includes  interstate  trunk  lines,  interurban  trunk  lines,  and 
popular  routes  of  travel.  The  second  class  includes  intrastate  trunk 
lines  passing  through  towns,  the  highways  connecting  towns  situated 
within  a  few  miles  of  each  other,  and  secondary  streets  in  towns.  The 
third  class  includes  feeders  leading  to  towns,  and  highways  of  the  first 
and  second  classes  from  sparsely-populated  parts  of  the  country  dis- 
tricts, highways  connecting  towns  which  are  many  miles  apart,  cross- 
roads, and  transverse  feeders  in  towns. 

Highways  of  the  first  class  will  undoubtedly  be  subjected  to  the 
heaviest  motor-car  traffic,  although  not  necessarily  to  the  heaviest  com- 
mercial traffic.  Highways  of  the  second  class  will  probably  carry  heavy 
commercial  traffic  and  a  limited  amount  of  motor-car  traffic.  The 
third  class  of  highways  will  usually  be  subjected,  in  amount,  at  least, 
to  the  ordinary  country  highway  traffic.  The  maintenance  of  high- 
ways of  the  third  class,  which  are  constructed  either  of  earth,  gravel, 
or  broken  stone,  will  not  be  considered,  as  it  is  intended  to  devote 
this  discussion  to  the  maintenance  of  those  highways  of  the  first  and 
second  classes  which,  being  subjected  to  a  more  or  less  heavy  motor- 
car traffic  and  an  augmented  commercial  traffic,  demand  an  entirely 
different  method  of  maintenance,  and  in  many  cases  a  modified  con- 
struction of  the  broken  stone  surface.  As  many  macadam  streets  and 
park  drives  within  the  limits  of  municipalities  are  subjected  to  the 
same  kind  and  amount  of  traffic  as  highways  of  the  first  and  second 
classes,  the  methods  of  maintenance  will  be  similar.  The  amount  of 
traffic  and  the  speed  attained  by  motor  cars  are  two  of  the  most 
important  factors  to  be  considered  in  the  discussion  of  methods  for 
maintaining  highways  of  the  first  and  second  classes. 

The  problem  before  the  highway  engineer  is  to  determine  what  type 
of  road  surface  for  highways  of  the  first  and  second  classes  will  be 
most  economical  from  the  standpoints  of  first  cost,  maintenance,  and 
cost  of  renewal,  and  best  adapted  to  the  traffic  to  which  it  is  subjected. 
In  considering  methods  of  construction  and  maintenance,  it  is  essen- 
tial to  have  definitely  in  mind  what  is  expected  to  be  accomplished  by  a 
given  mode  of  procedure.  Unfortunately,  this  point  of  view  has  been 
lost  sight  of  by  many  who  are  responsible  for  the  maintenance  of 
urban,  suburban,  and  even  country  highways.  The  distinction  between 
the  use  of  various  materials  as  palliatives  and  dust  layers,  and  the 
use  of  the  same  materials  as  component  parts  of  more  permanent  con- 
struction is  exceedingly  important. 

Considering  the  modern  methods  of  maintenance  used  in  the  United 
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States  by  proceeding  from  the,  simple  to  the  complex,  the  common  Mr.  Blanchard. 
remedy  for  a  road  from  which  the  binder  has  been  removed  is  to  supply 
the  deficiency  by  spreading  an  efiicient  binding  material  such  as  sand, 
gravel,  or  broken-stone  screenings  over  the  middle  of  the  road  and 
allowing  traffic  to  work  the  binder  into  the  interstices  of  the  top 
course.  This  method  is  usually  effective,  but  is  not  efficacious  for  high- 
ways of  the  first  class  subjected  to  excessive  motor-car  traffic.  Strenu- 
ous objection  is  naturally  made  to  this  mode  of  procedure  by  the  resi- 
dents adjacent  to  the  highway,  as  the  dust  nuisance  is  considerably 
increased. 

In  order  of  simplicity,  the  methods  of  retaining  the  dust  and 
thus  aiding  in  the  preservation  of  the  surface  should  next  be  men- 
tioned. Almost  everywhere,  the  following  methods  have  been  used 
primarily  to  allay  the  dust,  although  in  some  cases  they  have  been 
used  for  strictly  maintenance  purposes.  Among  the  methods  used  in 
the  United  States  to  alleviate  the  dust  nuisance  may  be  mentioned, 
sprinkling  the  surface  with  fresh  water,  salt  water,  a  solution  of 
calcium  chloride,  oils  with  a  paraffin  base,  oils  with  an  asphaltic  base, 
oil  of  tar,  oil  emulsion,  Westrumite,  Dustoline,  Asphaltoline,  Tarra- 
colio,  and  deliquescent  salts.  The  methods  of  painting  or  spraying 
the  surface  with  various  coal-tar,  asphalt,  and  cement  mixtures  have 
been  used,  both  for  the  preservation  of  the  surface  and  the  elimination 
of  dust.  The  details  of  the  methods  of  using  the  materials  mentioned 
will  not  be  considered  in  this  introductory  discussion,  except  in  rela- 
tion to  experimental  work  in  Rhode  Island.  It  is  hoped  that  the 
practice  in  other  States  will  be  presented  by  highway  engineers  who 
are  conversant  with  maintenance  work  in  the  districts  which  they 
represent. 

Thus  far,  the  methods  of  constructing  more  permanent  macadam 
roads  have  been  limited  to  the  use  of  coal-tar  or  its  preparations, 
liquid  and  rock  asphalt,  and  cement  as  binding  materials.  Bituminous 
macadam  pavements,  of  which  the  modern  bitulithic  is  an  example, 
were  first  laid  in  America  about  1840.  The  cost  of  these  pavements 
prohibits  their  use  except  on  the  streets  of  cities  and  important  suburbs. 
Two  fundamental  methods  have  been  used  in  the  construction  of 
bituminous  macadam  applicable  to  country  roads.  First,  to  incor- 
porate the  binding  material  with  the  broken  stone  by  mixing  by  hand 
or  machinery,  and  second,  to  form  the  macadam  surface,  loose  or 
rolled  as  the  case  may  be,  and  distribute  the  binding  material  by 
dippers  or  machines  over  the  broken  stone,  allowing  the  fluid  to  pene- 
trate the  upper  course. 

The  reconstruction  of  macadam  roads  has  been  accomplished  by 
loosening  the  surface  with  the  picks  of  a  road  roller,  or  by  the  use 
of  a  scarifier,  and  afterward  impregnating  the  broken  stone  with  a 
coal-tar  preparation,  or  with  liquid  asphalt,  or  a  heavy  asphaltic  oil. 
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Mr.  Bianchard.  In  case  re-surf acing  is  necessary,  the^  same  method  is  followed,  except 
that  practice  differs  as  to  whether  or  not  the  new  material  should  be 
shaped  by  light  rolling  before  the  application  of  the  bituminous 
binder. 

The  engineers  of  France  and  England  have  been  studying  the 
problem  of  the  adaptation  of  macadam  roads  to  modern  traffic  for  the 
past  five  years,  and  hence  have  advanced  along  some  lines  of  research 
farther  than  American  engineers.  Although  many  patented  solutions 
have  been  tried  in  France  and  England,  most  engineers  favor  the  use 
of  a  bituminous  binder  in  some  form  as  an  integral  part  of  new 
construction  and  as  a  palliative  on  old  macadam  roads.  The  methods, 
however,  vary  to  a  considerable  degree.  In  both  countries  the  intro- 
duction of  various  tar-spreading  machines  has  materially  increased 
the  efficiency  of  the  tar-painting  method  and  reduced  the  cost  of  apply- 
ing the  tar.  The  Laissailly  machine,  used  in  France,  is  typical  of 
machines  used  in  both  countries.  It  consists  of  a  mounted  tank  con- 
taining the  tar,  which  is  heated  by  a  system  of  piping  through  which 
steam  passes.  From  a  tank  on  the  rear  of  the  vehicle,  which  serves 
as  a  reservoir,  the  tar  flows  by  gravitation  out  of  a  series  of  holes, 
and  is  distributed  by  automatic  brushes  attached  to  the  body  of  the 
vehicle.  Devices  for  applying  the  tar  under  pressure  form  integral 
parts  of  other  machines,  with  which  it  is  claimed  that  a  uniform 
penetration  of  from  1  to  3  in.  can  be  secured. 

In  addition  to  the  mixing  and  penetration  methods  of  construct- 
ing tar-macadam  roads,  English  engineers  are  using  the  Gladwell 
system  or  modifications  of  this  method.  This  system  consists  in 
spreading  on  the  No.  1  course,  after  rolling,  a  mixture  of  tar  and 
chips  to  a  depth  of  about  |  in.  On  this  is  deposited  from  2  to  3  in. 
of  No.  2  stone,  which  is  continually  rolled  with  a  light-weight  roller 
until  the  tar  mixture  has  been  drawn  up  into  the  interstices  of  the 
No.  2  course.  The  surface  is  then  sealed  by  painting  with  tar,  after 
which  a  thin  coat  of  fine  screenings  is  spread  and  rolled.  In  the  con- 
struction of  all  kinds  of  tar-macadam,  careful  attention  is  paid  to  the 
quality  of  the  material  used,  particularly  with  reference  to  the  tar- 
absorbing  power  of  the  material.  The  experience  of  English  engi- 
neers is  that  iron  slag,  the  basis  of  Tarmac,  stands  first  in  this  respect, 
limestone  next,  and  granite  last. 

The  primary  object  of  the  experimental  work  undertaken  in  Rhode 
Island  has  been  the  determination  of  the  most  economical  and  efficient 
method  of  securing  the  preservation  of  the  macadam  surface. 

In  the  fall  of  1906  a  section  of  tar-macadam,  350  ft.  in  length, 
was  built  in  Charlestown,  the  location  being  on  a  curve  of  the  inter- 
state trunk  line  connecting  New  York,  Narragansett  Pier,  Providence, 
and  Boston.  With  the  exception  of  the  addition  of  the  tar,  the  method 
of   construction    was    similar   to   that   used   in   building   an   ordinary 
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macadam  road.  After  the  sub-grade  had  been  thoroughly  rolled,  the  Mr.  Himichard. 
No.  1  broken  stone,  varying  in  size  from  li  to  2J  in.  in  longest 
dimension,  was  spread  to  a  depth  of  6  in.  and  rolled  to  4  in.  Tar, 
which  had  been  heated  to  the  boiling  point  in  an  ordinary  tar  kettle, 
was  then  sprinkled  on  the  rolled  surface  by  using  dippers.  The  No.  2 
stone,  varying  in  size  from  i  in.  to  1^  in.  in  longest  dimension,  was 
next  deposited  on  dumping  boards  and  thoroughly  mixed  with  hot 
tar  by  using  rakes  and  shovels  until  every  stone  was  completely  coated. 
This  mixture  was  applied  on  the  No.  1  course  to  a  depth  of  3  in. 
and,  after  the  tar  had  set,  was  rolled  to  2  in.  A  thin  coat  of  dust, 
which  would  pass  through  a  i-in.  mesh  was  then  spread  on  the  surface 
and  forced  by  rolling  into  the  No.  2  course  to  fill  up  the  voids  and 
provide  a  smooth  surface.  The  quantity  of  tar  used  was  1.25  gal. 
per  sq.  yd.  As  this  stretch  of  tar-macadam  proved  efficacious,  it  was 
deemed  advisable,  in  1907,  to  construct  an  experimental  mile,  this 
section  being  on  the  same  interstate  trunk  line  as  the  curve  just 
mentioned.  Although  it  will  require  from  5  to  10  years  to  determine 
the  economical  status  and  the  efficiency  of  the  tar-macadam  road  con- 
structed by  the  method  outlined,  the  perfect  state  of  the  surface  of 
the  1906  and  1907  sections  in  the  spring  of  1908  influenced  the  State 
engineers  to  advocate  the  adoption  of  this  method  of  construction  on 
highways  of  the  first  class  subjected  to  excessive  motor-car  traffic. 

The  sections  thus  far  contracted  for  in  1908  include:  First,  two 
sections  aggregating  11300  ft.,  14  ft.  in  width,  on  the  interstate 
trunk  line  between  Saunderstown  and  Narragansett  Pier,  which  is 
subjected  to  all  the  motor-car  traffic  between  the  Pier  and  Newport, 
Providence,  and  Boston,  and  the  heavy  touring-car  traffic  between 
New  York  City  and  Newport ;  and  second,  11  870  ft.,  averaging  23  ft. 
in  width,  on  an  interstate  trunk  line  in  East  Providence,  which  is 
subjected  to  a  heavy  motor-car  traffic  and  also  an  abnormal  commercial 
traffic.  On  one  of  the  sections  in  the  district  of  Narragansett  the 
State  engineers  experimented  with  various  bituminous  mixtures  used 
in  different  methods  of  construction,  the  object  being  to  determine  the 
most  efficient  binder  and  the  most  economical  method  of  construction 
which  would  be  adaptable  to  modern  traffic.  The  original  plan  was 
to  build,  by  each  method,  a  300-ft.  section,  14  ft.  in  width,  but  the 
impracticability  of  certain  methods  with  the  tools  at  hand  necessi- 
tated a  modification  of  this  plan.  The  experimental  work  was  started 
after  1  300  ft.  of  tar-macadam  had  been  constructed  in  accordance  with 
the  method  used  in  1906  and  1907.  Table  1  is  a  descriptive  statement 
of  the  various  sections. 

In  the  following  statements,  covering  details  and  cost  data  of  the 
various  sections,  it  is  hoped  that  sufficient  information  will  be  given 
to  enable  engineers  to  use  the  results  of  these  tests  intelligently.  It 
has    been    characteristic    of    many    descriptive    articles    dealing    with 
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Mr.  Blanctaard.  maintenance  work  that  the  data  necessary  to  render  the  results  ac- 
quired valuable  to  others  have  been  lacking.  Although  the  ideal  is 
impossible  of  attainment  in  many  cases,  it  would  be  advisable  if 
the  following  points,  for  example,  could  be  covered  in  a  description 
of  methods  of  construction  of  tar-macadam :  Class  of  highway  to  which 
the  road  belongs,  and  nature  of  traffic;  length  and  width  of  road; 
nature  of  sub-grade;  location  of  the  road  relative  to  the  nearest  rail- 
road station  and  source  of  material;  maximum  and  mean  grade  of 
road;  kind  and  size  of  broken  stone  composing  the  surface;  months 
during  which  road  was  constructed;  maximum,  minimum,  and  mean 
atmospheric  temperature;  details  of  construction;  source  and  analysis 
of  binding  material;  quantity  of  binder  per  square  yard;  average  rate 
of  progress  per  day,  in  square  yards;  specifications  covering  heating 
and  application  of  the  binder,  climatic  conditions,  etc.;  cost  per 
square  yard,  over  and  above  the  cost  of  ordinary  macadam,  covering 
labor,  material,  accessories,  etc. 


TAELE 

1. 

Number  of 
section. 

Length, 
in  feet. 

1 

Material. 

Method,  etc. 

1 

800 

Tar -macadam . 

Mixing  method,  v  ith  tar  omitted  from 
surface  of  No.  1  course. 

2 

800 

Tar-macadam. 

Penetration  method. 

3 

100 

Tar-macadam. 

Gladwell  system. 

4 

300 

Tar  macadam. 

Mixing  method. 

5 

130 

Tar-piteh  macadam . 

Mixmg  method,  with  chips  added  to  No. 
2  mixture. 

6 

ro 

Tar -pitch-macadam . 

Mixing  method. 

7 

300 

Tar- macadam. 

Mixing  method. 

8 

300 

Tar-asphalt-macadam. 

Mixing  method. 

9 

290 

Tar-asphalt-macadam. 

Mixing  method,  with  bituminous  mixture 
omitted  from  No.  1  course. 

10 

75 

Asphalt-macadam. 

Mixing  method . 

11 

135 

Tar-asphalt-macadam. 

Mixing  method,  without  bituminous  mix- 
ture on  surface  of  No.  1  course. 

12 

410 

Tar-asphalt-macadam. 

Mixing  method. 

13 

190 

Tarvia-macadam. 

fllixing  method. 

14 

172 

Tarvia-macadam . 

Mixmg  method,  with  Tarvia  omitted 
from  No.  1  course. 

The  roadbed  selected  for  the  experimental  work  was  on  a  long 
tangent,  the  sub-grade  being  uniformly  built  on  a  1-ft.  fill,  and  the 
grade  only  varying  from  a  minimum  of  0.08%  to  a  maximum  of 
0.76  per  cent.  The  broken  stone  used  was  of  the  same  character 
throughout,  consisting  of  local  stone  composed  of  a  fine-grained 
granite  and  hornblende  schist  of  the  same  size  as  that  used  on  the  1906 
and  1907  sections.  The  experimental  work  was  all  done  in  the  month 
of  May.  The  temperature  while  the  work  was  in  progress  varied 
from  60  to  90°,  the  average  being  70  degrees.  The  tar  used  was 
produced  at  the  Providence  Gas  Works,  and  cost,  f.  o.  b.  Providence, 
$2.75  per  bbl.  The  freight  from  Providence  to  South  Ferry,  a  dis- 
tance  of   26   miles,   distributed    over   three   lines,   was   $0.62   per   bbl. 
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The  cost  of  the  haul  from  the  South  Ferry  station  to  the  road,  averag-  Mr.  Binnciiani. 
ing  2  000  ft.,  was  $0.13  per  bbl.     The  barrels  cost  $0.75  each,  which, 
minus  the  haul  and  the  freight  to  Providence,  would  be  refunded  by 
the  gas   company   upon   return  of  the  barrels.     The  net  rebate  was 
$0.56  per  bbl.    The  total  cost  of  the  tar,  therefore,  was  $3.70  per  bbl. 

The  coal-tar  produced  at  the  Providence  Gas-Works  is  characteristic 
of  gas-house  coal-tars  produced  elsewhere,  in  that  the  percentage  of 
water,  ammoniacal  liquor,  light  volatile  oils,  and  heavy  oils  is  a  vari- 
able quantity.  In  order  to  determine  various  facts,  including  the 
range  of  variation,  samples,  taken  directly  from  the  tanks  at  the  gas- 
works at  various  times,  were  analyzed.  Table  2  shows  the  important 
results  of  the  analyses.  The  percentage  of  volatile  matter  at  120° 
after  heating  from  6  to  8  hours  represents  the  percentage  which  might 
be  lost  from  the  tarred  surface  of  a  road  during  summer  seasons.  The 
results  in  the  column  headed  "Solid  matter,  in  grains  per  gallon," 
were  obtained  by  digesting  a  portion  of  the  sample  with  an  equal 
volume  of  water.  The  object  of  this  analysis  was  to  determine  the 
quantity  of  matter  which  might  be  washed  from  the  surface  of  a 
road  by  a  heavy  rain.  The  average  specific  gravity  of  the  tar  was 
about  1.20. 

TABLE  2.— Coal-Tar  Ajs-alyses. 


Date. 

Percentage  of 

volatile  matter  at 

120  degrees. 

Percentage  of 

volatile  matter  at 

260  degrees. 

Solid  matter.  In 
grains  per  gallon. 

Nov.  20,  1907 

Nov.  27.  1907 

Dec.  18,  1907 

Dec.  24,  19<I7 

10.6 
6.8 

11.1 
7.1 

16.3 
7.2 
5.8 
4.7 
3.1 
3.9 

18.4 
8.0 
7.9 
8.1 

30.7 
27.9 
24.9 
21.3 
32.3 
19.4 
16.2 
15.3 
13.3 
18.1 
29.9 
19.0 
20.6 
23.3 

40. 7 
102.2 
105.1 

20.4 

Jan.  14,  1908 

52  5 

Jan.  21,  1908 

Feb.  19,  1908. 

5.8 
2  9 

Feb.  26,  1908 

8  6 

Mar.  18,  1908 

2.3 

Mar.  24,  1908 

.33  2 

Apr.  22,  1908 

116  4 

Apr.  29,  1908 

5.8 

May  20,  1908 

May  27,  1908 

In  order  to  determine  the  time  required  to  drive  off  a  sufficient 
percentage  of  the  light  volatile  constituents  to  render  the  tar  satis- 
factory for  road  work,  a  sample  of  the  tar  was  heated  for  certain 
definite  periods,  the  result  of  which  was  as  follows : 


Additional 


Loss  at  120°  after  heating 


Total  loss  at 

end  of  period. 

i  hr. 

3.6 

3.6 

1     - 

1.2 

4.R 

2    " 

0.9 

0.7 

3    " 

0.7 

6.4 

4    ' 

0.7 

7.1 

5    '■' 

O.o 

7.6 

G    '■ 

0.5 

8.1 
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Mr.  Bianchard.  As  many  failures  of  tar-macadam  have  resulted  from  the  use  of 
tar  containing  a  large  percentage  of  light  volatile  constituents,  the 
State  engineers,  taking  into  consideration  the  foregoing  analysis,  have 
decided  to  require  that  all  tar,  before  application,  be  heated  for  2 
hours  at  a  temperature  of  not  less  than  150°  fahr.,  the  maximum 
quantity  of  tar  heated  in  a  100-gal.  kettle  to  be  50  gal.  It  will  also 
be  required  that  all  water  shall  be  removed  from  the  surface  of  the 
tar  in  the  kettle  before  heating.  From  one  barrel  used  on  the  Narra- 
gansett  section  more  than  2^  gal.  of  water  were  removed. 

The  pitch  cost,  f.  o.  b.  Providence,  $3.00  per  bbl.  of  30  gal.  The 
freight  from  Providence  to  South  Ferry  cost  $0.27  and  the  haul, 
averaging  2  000  ft.,  cost  $0.10  per  bbl.,  making  the  total  cost  $3.37 
per  bbl.  The  pitch  used  was  medium  hard,  having  a  melting  point 
at  105  to  110°  fahr.,  and  a  specific  gravity  of  1.25.  The  volatilization 
analysis  gave  the  following  percentage  results: 

Volatile  at  120°   fahr : None. 

Additional  loss   at  212°-220° 1.73 

"  "      "    240°-260° 1.53 

Total  loss  "   260° 3.26 

A  Texas  asphalt  was  used.  It  was  purchased  from  the  Texas 
Company,  and  cost,  delivered  at  South  Ferry,  $21.50  per  ton  of 
250  gal.  The  cost  of  the  haul  from  the  station  to  the  road,  an  average 
distance  of  2  000  ft,  was  $0.10  per  bbl.  of  42  gal.  Therefore,  the  cost 
of  the  asphalt  on  the  road  was  $0.09  per  gal.  This  asphaltic  product 
is  listed  by  the  Texas  Company  as  Texaco  Asphalt,  Grade  H.  Analysis 
yields  practically  no  volatile  matter  to  260°  fahr.,  a  melting  point  of 
140°  fahr.,  and  only  8.8  gr.  per  gal.  in  a  water  solution. 

The  Tarvia  was  purchased  from  the  Barrett  Manufacturing  Com- 
pany, and  cost,  f.  o.  b.  Boston,  Mass.,  $3.25  per  bbl.  The  freight  to 
South  Ferry,  a  distance  of  70  miles,  over  three  lines,  was  $1.26  per 
bbl.  The  barrels  cost  $0.75  each.  The  rebate  allowed  was  $0.65,  which, 
minus  the  cost  of  haul,  and  return  freight  of  $0.30  per  bbl.,  made 
a  net  rebate  of  $0.35  per  bbl.  The  cost  of  the  haul  to  the  road,  an 
average  distance  of  1  000  ft.,  was  $0.11  per  bbl.  The  total  cost  was 
$5.02  per  bbl. 

The  results  of  the  analysis  of  Tarvia  A  were  as  follows: 

Specific    gravity 1.182 

Volatile  at  120°  fahr 2.4 

Additional  loss  at  212°-220° 8.9 

«  "      "    240°-260° 6.5 

Total    "     "   260°   17.8 
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Having  considered   the  cost  and   analyses  of  tlie  materials  used,  Mr.  nianchard. 
the   cost   and   details    of   the   construction    by    various    methods    will 
be  given. 

The  tar-macadam  constructed  by  the  mixing  method  required  the 
services  of  two  tar  men  at  $1.76  per  day  of  10  hours,  and  three  common 
laborers  at  $1.50  per  day,  in  addition  to  the  force  usually  employed 
on  the  No.  2  course.  The  cost  of  the  labor,  based  on  an  average  rate 
of  progress  of  233  sq.  yd.  per  day,  was  $0,035  per  sq.  yd.  The  cost 
of  accessories,  which  would  include  rent,  or  interest  and  depreciation, 
on  tar  kettles,  dippers,  and  cost  of  fuel,  was  $0,005  per  sq.  yd.  The 
saving  by  not  using  a  watering  cart,  at  $4.00  per  day,  was  $0,013  per 
sq.  yd.  The  cost  of  the  tar,  at  1.25  gal.  per  sq.  yd.,  was  $0,093.  The 
total  cost  of  the  tar-macadam,  in  excess  of  the  ordinary  macadam, 
was  $0.12  per  sq.  yd. 

The  difference  in  cost  of  the  tar-macadam  without  the  tar  on  the 
No.  1  course  and  with  that  tar  (about  ^  gal.  per  sq.  yd.)  spread  on 
the  No.  1  course,  was  not  appreciable.  It  is  believed  that  the  painting 
of  the  No.  1  course  is  not  necessary.  In  common  with  all  methods  of 
construction,  with  the  single  exception  of  the  Gladwell  system,  it  is 
necessary,  in  order  to  secure  a  maximum  penetration  of  the  broken 
stone  by  the  tar,  and  adequate  incorporation  of  the  tar  in  the  macadam, 
to  allow  the  No.  2  course  to  remain  without  rolling  and  sanding  for 
from  1  to  3  days,  depending  on  the  climatic  conditions.  It  was  found 
to  be  inadvisable  to  roll  the  tarred  surface  during  the  warm  part  of 
the  day,  as  there  was  a  tendency  for  the  No.  2  course  to  shift  if  the 
tar  were  soft. 

In  the  construction  of  the  tar-macadam  by  the  penetration  method, 
the  tar  was  spread  over  the  surface  by  dippers.  This  method  was  very 
unsatisfactory,  an  unequal  application  being  the  result.  In  order 
to  procure  an  efficient  road,  more  tar  was  applied  in  patching,  the 
original  application  of  1.25  gal.  being  thus  increased  to  1.87  gal.  The 
penetration  secured  varied  from  1  in.  to  2i  in.  If  this  method  is  to 
be  used,  pouring  pots  with  fan-shaped  spouts,  or  a  fan-nozzle  connected 
with  a  hose  from  a  tank-wagon,  should  be  used,  or  preferably  a 
spreading  machine  similar  to  the  Laissailly  or  Aiken.  Even  with  a 
machine  of  the  most  approved  tj-pe,  and  with  the  stone  heated  either 
before  or  after  deposition,  it  is  doubtful  if  the  tar-macadam  surface 
thus  constructed  would  be  as  uniformly  bound  together  as  when  laid 
by  the  mixing  method.  The  average  rate  of  progress  on  this  section 
was  389  sq.  yd.  per  day.  The  cost  of  the  labor  (which  consisted  of 
two  tar  men  and  one  common  laborer)  was  $0,013  per  sq.  yd.  The 
tar  cost  $0,138  per  sq.  yd.  Adding  the  cost  of  accessories  and  deducting 
the  rebate  due  to  not  watering,  the  total  cost  was  $0,143  per  sq.  yd. 

In  the  construction  of  tar-macadam  by  the  Gladwell  system,  the 
bituminous  mastic,  consisting  of  tar  and  stone  chips  varying  in  size 
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Mr.  Bianchard.  from  ^  to  i  in.  in  their  longest  dimensions,  was  mixed  in  a  regular 
mortar  box.  This  mixture  was  spread  to  a  depth  of  |  in.,  and  the 
No.  2  course  was  then  laid  upon  it.  A  coating  of  tar  was  spread  on 
the  surface,  and,  after  screenings  had  been  applied,  the  section  was 
thoroughly  rolled.  The  upward  penetration  of  the  tar  was  not  meas- 
urable, and  the  surface  coat  did  not  penetrate  more  than  IJ  in.  In 
order  to  procure  satisfactory  results,  it  will  be  necessary  to  have  the 
No.  1  course  so  thoroughly  compacted  as  to  hold  a  semi-fluid  mixture; 
the  stone  composing  the  No.  2  course  should  be  larger  than  that 
generally  used,  and  should  be  well  heated,  and,  finally,  it  will  be 
necessary  to  use  a  light  asphalt  roller  in  order  to  draw  the  fluid 
mixture  gradually  to  the  surface,  and  not  attempt  to  cr\ish  the  No.  2 
course  into  the  binder.  Under  no  circumstances  is  it  believed  that 
the  method  will  prove  as  efficacious  or  economical  as  either  the  mixing 
or  penetration  methods  of  construction.  The  rate  of  progress  of  this 
class  of  work  was  slow,  and  would  average  156  sq.  yd.  per  day.  The 
labor  item  was  high,  two  tar  men  and  four  common  laborers  being 
required,  making  the  labor  cost  $0.06  per  sq.  yd.  The  tar,  1  gal. 
per  sq.  yd.  in  the  mastic  and  1.25  gal.  on  the  surface,  cost  $0,167  per 
sq.  yd.  Adding  the  cost  of  the  accessories  and  deducting  the  cost  of 
watering  gives  a  total  cost  of  $0.22  per  sq.  yd. 

Tar-pitch-macadam  was  constructed  with  and  without  using  chips 
mixed  with  the  No.  2  course.  With  hand-mixing,  the  omission  of  the 
chips  is  preferred,  as  the  tarred  chips  have  a  tendency  to  coagulate, 
hence  preventing  a  uniform  mixture.  The  pitch  and  tar  were  used 
in  the  proportion  of  1  to  3.  The  resulting  surface  was  excellent,  and 
could  naturally  be  rolled  and  finished  more  expeditiously  than  tar- 
macadam.  Under  certain  circumstances,  as  for  instance,  on  a  road 
subjected  to  more  or  less  traffic  during  construction,  this  desideratum 
would  be  a  great  advantage.  On  the  other  hand,  the  proportion  of 
heavy  oils  is  less  than  when  only  tar  is  used,  thus  reducing  the  elas- 
ticity of  the  surface  and  increasing  the  danger  of  cracking  in  cold 
weather.  The  rate  of  progress  and  the  cost  of  labor  were  the  same 
as  for  tar-macadam  constructed  by  the  mixing  method.  The  total 
cost  was  $0,142  per  sq.  yd.,  including  $0,035  for  labor,  $0,079  for  1.07 
gal.  of  tar,  $0,036  for  0.32  gal.  of  pitch,  and  the  usual  accessories 
charge  and  watering  rebate. 

In  the  construction  of  the  tar-asphalt-macadam,  50%  tar  and  50% 
asphalt  were  used,  or  0.625  gal.  of  each  per  sq.  yd.  The  resulting 
road  was  ideal,  from  the  standpoint  of  construction  and  as  a  finished 
product.  A  daily  average  of  233  sq.  yd.  was  built,  making  the  labor 
item  $0,035  per  sq.  yd.  The  tar  cost  $0,047  per  sq.  yd.,  and  the 
asphalt  $0,056  per  sq.  yd.  The  total  cost,  including  the  accessories 
charge  of  $0,008  per  sq.  yd.,  and  deducting  the  cost  of  watering,  was 
$0,133  per  sq.  yd. 
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The  asphalt-macadam,  considered  from  an  economical  standpoint,  Mr.  Blanchard. 
was  not  successful.  The  primary  difficulty  was  that  it  was  impossible 
to  obtain  a  thorough  mixture  of  the  asphalt  and  the  stone,  coagulation 
taking  place  at  once.  The  resulting  surface  was  entirely  satisfactory,  and 
could  probably  be  built  economically  by  using  a  suitable  mixing  machine 
and  heating  the  stone.  The  labor  and  material  items  on  this  work 
were  excessive,  the  cost  of  labor  being  $0,083  per  sq.  yd.,  while  the 
cost  of  the  3.59  gal.  of  asphalt  used  per  square  yard  was  $0,323.  The 
average  rate  of  progress  per  day  was  only  117  sq.  yd.  The  accessories 
charge  was  $0,008,  and  the  watering  rebate  $0,013,  making  a  total 
cost  of  $0,401  per  sq.  yd. 

The  Tarvia-macadam  constructed  by  the  mixing  method  appeared 
to  be  a  facsimile  of  the  tar-macadam  made  with  tar  distilled  for  3 
hours  on  the  road.  It  is  believed  that  it  is  primarily  a  question  of 
economics  whether  it  is  preferable  to  take  gas-house  coal-tar  direct 
from  the  works  and  distil  it  on  the  road,  or  purchase  distilled  coal-tar, 
in  the  form  of  Tarvia,  for  example.  It  should  be  borne  in  mind,  also, 
that  tar  distilled  at  permanent  works  will  give  a  more  uniform  product. 
The  rate  of  progress  was  the  same  as  with  tar-macadam,  hence  all 
cost  items  were  identical,  with  the  exception  of  the  cost  of  1.25  gal. 
of  Tarvia  used  per  square  yard*  which  was  $0,124.  The  total  cost  of 
the  Tarvia-macadam,  therefore,  was  $0,151  per  sq.  yd. 

The  preservation  of  the  surface  of  existing  macadam  roads  has  been 
attempted  in  Rhode  Island  by  using  the  tar-painting  method,  and  by 
the  use  of  various  oils  as  palliatives.  One  application  of  the  tar  paint- 
ing has  been  used  successfully  in  the  preservation  of  the  macadam 
surface  for  two  years  on  a  hill  having  a  maximum  grade  of  7.28%, 
but,  where  it  has  been  used  on  roads  subjected  to  high-speeding  motor- 
cars, parts  of  the  coat  of  tar  have  invariably  peeled  ofi  during  the 
first  season.  On  a  town  road  in  Peace  Dale,  painted  with  hot  Tarvia 
by  the  usual  method  in  August,  1907,  barely  60%  '4  the  tar  coat  was 
intact  in  March,  1908.  The  experience  of  France,  England,  and 
America  with  the  tar-painting  method  has  led  many  to  the  rational 
conclusion  that  it  is  not  effective  for  macadam  roads  subjected  to  even 
normal  motor-car  traffic  if  high  speeding  is  allowable. 

Although  the  method  has  not  yet  been  used  in  Rhode  Island,  the 
speaker  believes  that  the  most  satisfactory  and  economical  treatment 
of  existing  macadam  roads  is  to  tear  up  the  surface  to  a  depth  of 
from  3  to  4  in.  with  a  scarifier,  re-shape  the  surface,  and  then  rebuild 
as  a  tar-macadam  road,  using  the  penetration  method  of  construction. 
On  1908  work  in  Rhode  Island  the  cost  of  scarifying  was  $0,007  per 
sq.  yd.  The  cost  of  re-shaping,  without  the  addition  of  new  road 
metal,  would  be  about  $0,005  per  sq.  yd.;  hence  the  total  cost,  based 
on  the  cost  of  the  penetration  method  used  on  the  Narragansett  Road, 
would  be  $0,105  per  sq.  yd.  If  a  tar-spreading  machine  were  used,  the 
cost,  without  doubt,  would  be  reduced  from  15  to  25  per  cent. 
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Mr.  Bianchar.i.  The  oil  products  used  on  the  highways  of  Ehode  Island  include 
Dustoline,  petroleum  residuum,  Eagland  crude  oil,  petroleum  fuel  oil, 
and  Texas  asphaltic  road  oil.  The  average  cost  of  oiling  roads  in 
Rhode  Island,  using  about  i  gal.  per  sq.  yd.,  has  been  approximately 
$0.01  per  sq.  yd.  Experience  would  indicate  that  oiled  roads,  if  effi- 
cient, should  be  treated  at  least  three  times  during  a  season  of  eight 
months. 

The  speaker's  conclusions,  based  on  the  maintenance  work  he  has 
outlined,  and  the  experience  of  French,  English,  and  American  engi- 
neers, are:  First,  that  highways  subjected  to  heavy  high-speed  motor- 
car traffic  should  be  built  with  a  bituminous  macadam  surface  con- 
structed by  the  mixing  method;  second,  that  existing  macadam  roads 
subjected  to  a  similar  traffic  should  be  reconstructed  as  bituminous 
macadam  roads  using  the  penetration  method,  or,  if  re-surfacing  with 
new  road  metal  is  required,  by  using  the  mixing  method;  and  third, 
that  the  economical  and  efficient  treatment  of  macadam  roads  sub- 
jected to  a  moderate  amount  of  motor-car  traffic  is  at  present  a  matter 
of  conjecture,  requiring  for  elucidation  the  acquisition  of  reliable 
detailed  information  with  reference  to  the  use  of  the  various  pallia- 
tives now  on  the  market. 
Mr.  Rabiin.  JoHN  R.  Rablin,  Esq.*— The  roads  built  by  the  Metropolitan  Park 
Commission  of  Massachusetts  have  been  constructed  from  time  to 
time  between  1897  and  the  present,  so  that  none  is  more  than  10  years 
old.  Heavy  traffic  is  excluded  from  them,  and  only  light  pleasure 
travel  allowed.  Under  these  conditions,  and  with  ordinary  care,  these 
roads  would  have  been  expected  to  require  no  extensive  repairs  up  to 
the  present,  and  they  were  generally  in  excellent  condition  up  to  the 
spring  of  1906. 

At  about  that  time  the  increasing  use  of  the  automobile  became 
noticeable,  and  in  July,  1906,  these  roads  began  to  show  the  effects 
of  this  traffic.  The  macadam  roads  were  stripped  of  their  top  sur- 
faces, leaving  the  stone  of  the  base  entirely  bare,  and  with  no  binder  to 
hold  it,  the  stone  loosened,  and  the  macadam  began  to  break  up. 

Investigation  was  at  once  begun  to  find  a  method  of  protecting  the 
surfaces,  and  it  was  decided  to  treat,  with  a  specially  prepared  coal- 
tar,  portions  of  the  roads  showing  the  greatest  damage.  Consequently, 
in  August  and  September,  1906,  about  3^  miles,  or  70  000  sq.  yd.,  of 
macadam  roadway  were  treated  with  this  material,  as  an  experiment. 

The  process  of  treatment  was :  First,  all  loose  material  was  cleaned 
from  the  surface  by  sweeping  with  street  sweepers  and  push-brooms, 
80  that  the  tar  might  penetrate  properly.  The  tar  was  then  flowed 
upon  the  surface  from  tank  wagons,  in  which  it  was  brought  from  the 
works,  at  a  temperature  of  about  200°  fahr.  It  was  spread  with  push- 
brooms,  and  allowed  to  set  from  4  to  6  hours  before  covering.     Stone 

*  Engineer,  Metropolitan  Park  Commission,  Boston,  Mass. 
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screenings  were  then  spread  over  the  tarred  surface  in  such  quantities  >ii-  Habiin. 
as  were  required  to  absorb  the  surplus  tar  which  had  not  penetrated 
the  macadam,  and  the  road  was  then   rolled  once  or  twice,  and  was 
immediately   opened   to   travel. 

The  cost  of  the  work  done  in  1906,  including  all  labor  and  material, 
averaged  63  cents  per  sq.  yd. 

The  results  of  the  treatment,  during  the  remainder  of  the  year, 
were  excellent,  a  new  surface  having  been  provided  which  could  not 
be  removed  by  the  automobile  travel,  and  the  road  was  rendered 
practically  dustless  and  entirely  free  from  mud.  No  sprinkling  with 
water  was  necessary. 

This  work  passed  throiigh  a  very  severe  winter  and,  except  a  small 
section  on  which  the  sub-grade  was  poor,  was  in  very  good  condition 
in  the  spring  of  1907. 

In  July  and  August,  1907,  it  was  necessary  to  re-treat  about  one- 
half  of  the  3J  miles  treated  in  1906,  and  to  patch  the  other  half.  The 
average  cost  of  maintenance  of  the  whole  3^  miles  of  roadway,  for 
1907,  was  3^  cents  per  sq.  yd.  No  other  repairs  or  sprinkling  with 
water  were  necessary  during  the  year. 

During  1907,  in  addition  to  the  maintenance  of  the  work  laid  in 
1906,  various  pieces  of  road,  aggregating  about  90  000  sq.  yd.  of  road- 
way surface,  were  treated  with  this  same  material,  at  an  average  cost 
of  7.3  cents  per  sq.  yd. 

At  the  present  time,  June,  1908,  work  is  in  progress  on  repairs  and 
re-treatment  of  the  surfaces  previously  treated,  and  it  seems  evident 
that  it  will  be  necessary  practically  to  re-treat  once  each  year  in  order 
to  maintain  this  work  in  good  condition.  Compared  with  the  cost  of 
re-surfacing  the  roadway  with  macadam,  this  cost  is  small,  and  the 
benefits   are   considerably   greater. 

From  observation  it  appears  that  the  durability  of  this  treatment 
is  much  greater  and  its  life  longer  on  steep  grades  and  on  roads  with 
a  good,  well-drained  sub-grade. 

Generally,  the  results  of  the  treatment  of  the  parkway  roads  with 
this  material  have  been  satisfactory,  and  it  has  been  very  effective  in  the 
preservation  of  their  surfaces  and  in  making  them  practically  dustless 
and  free  from  mud.  The  treated  surface  has  an  appearance  similar 
to  tar-concrete,  but  is  not  as  smooth.  No  odor  is  apparent  after  the 
material  has  been  on  the  road  a  few  hours,  and  what  little  there  is  at 
the  time  of  application  is  not  at  all  disagreeable. 

Various  experiments  were  also  made  in  1907  in  the  use  of  oil  on 
the  parkway  roads.  About  1  mile  of  gravel-surfaced  road  and  |  mile 
of  macadam-surfaced  road  were  treated  with  a  product  of  crude  asphalt 
oil,  from  which  the  naphtha  and  other  volatile  substances  had  been 
removed,  leaving  the  heavy  base  material  of  the  oil  with  sufficient 
petrolene  to  make  it  fluid.     This  material  was  applied  to  the  roads. 
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Mr.  RabUn.  without  heating,  and  was  allowed  from  4  to  7  days  for  its  proper  pene- 
tration. Where  surplus  oil  collected  in  any  slight  depressions  or  ruts 
in  the  road,  enough  sand  or  gravel  was  used  to  absorb  it. 

This  treatment  requires  a  road  to  be  in  particularly  good  condition, 
either  new  or  newly  re-surfaced,  and  very  little  cleaning  is  necessary, 
only  the  removal  of  loose  dust. 

These  roads  were  treated  with  the  oil  in  June,  1907,  and  have 
remained  in  excellent  condition  to  the  present  time,  a  period  of  about 
1  year.  With  some  slight  re-touching,  and  patching  with  the  same 
material,  arrangements  for  which  are  now  being  made,  it  is  expected 
that  these  sections  of  roadway  will  remain  in  good  condition  for 
another  year  before  requiring  an  entire  re-treatment. 

The  cost  of  this  work  was  6  cents  per  sq.  yd.  for  the  material  and 
its  application,  and  the  cost  of  maintenance  for  this  year  will  probably 
be  less  than  one-half  that  amount. 

It  has  proved  an  effective  treatment  for  both  macadam  and  gravel- 
surfaced  roads,  and  arrangements  have  been  made  for  the  treatment  of 
about  4  miles,  or  70  000  sq.  yd.  additional. 

In  1907,  about  12  miles,  or  240  000  sq.  yd.,  of  macadam  and  gravel- 
surfaced  parkway  roads  were  treated  with  a  mixture  of  water-gas  tar 
and  oil  similar  to  that  above  described.  This  mixture  was  made  in 
varying  proportions  of  from  2  bbl.  of  oil  and  6  bbl.  of  water-gas  tar, 
to  4  of  oil  and  6  of  water-gas  tar.  The  greater  the  proportion  of  oil 
used,  the  longer  the  durability  of  the  treatment. 

This  treatment  is  a  dust  layer,  but  is  not  particularly  effective  in 
the  preservation  or  bonding  of  the  road  surfaces.  It  is,  nevertheless,  a 
good  and  economical  treatment  for  gravel  road  surfaces  where  the 
bonding  effects  are  not  as  necessary  as  upon  macadam.  It  is  most 
deserving  of  consideration  on  account  of  its  cost,  which  is  from  3  to  3^ 
cents  per  sq.  yd.,  and  one  treatment  is  practically  effective  for  laying 
the  dust  for  a  whole  season  from  May  to  November. 

One  other  experiment  is  being  tried  at  the  present  time,  and  that 
is  the  use,  on  macadam  road  surfaces  which  are  in  fairly  good  condi- 
tion, of  a  mixture  of  water-gas  tar  and  coal-tar  in  about  equal  parts. 
The  use  of  water-gas  tar  in  this  and  the  previously  described  mixture, 
with  oil,  is  for  the  purpose  of  diluting  the  heavier  and  more  expensive 
material,  and  thereby  reducing  the  cost  per  square  yard  for  treatment, 
and  also  on  account  of  its  penetrating  power.  No  cleaning  is  neces- 
sary for  this  latter  treatment,  except  where  an  excessive  amount  of 
loose  material  may  have  collected  upon  the  sides  of  the  roadway.  One 
or  two  days  after  application  the  surface  is  sanded  lightly  and  the 
road  opened  to  travel.  The  cost  of  this  treatment  is  about  4^  cents 
per  sq.  yd. 

It  appears  to  be  giving  excellent  results,  and  will  doubtless  prove 
very  worthy  of  consideration  for  the  preservation  of  roads  which  are 
in  fairly  good  condition. 
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It  has  bocomo  ahsolutoly  iK^oossary  to  adopt  some  one  of  the  varioiK=!  Mr.  Kablin. 
forms  of  treatment  to  maintain  macadam  and  other  roads  in  fair 
condition  where  they  are  subjected  to  heavy  automobile  travel,  and, 
although  there  are  doubtless  other,  and  possibly  better,  methods,  those 
herein  described  have  been  proved  to  have  considerable  merit,  particu- 
larly if  applied  to  the  road  conditions  to  which  they  are  best  adapted. 

Louis  L.  Tribus,  M.  Am.  Soc.  C.  E.  (by  letter).— In  the  United  Mr. Tiibus. 
States  comparatively  little  attention  has  been  given  in  the  past  to  the 
proper  maintenance  of  street  pavements.  Much  attention  has  been 
given  to  the  questions  of  construction,  through  all  their  features  of 
subsoil,  grade,  drains,  character  of  foundation,  surface,  cross  and 
longitudinal  slopes,  relationship  of  pavement  surface  to  traffic  in 
reference  to  dust,  cleanliness,  slipperiness,  durability,  ease  of  repair, 
and  cost  of  construction  and  maintenance.  In  general,  cities  have 
been  content  to  make  repairs  when  road  surfaces  have,  through  months 
or  years  of  use  and  abuse,  developed  ruts  or  holes  and  a  generally  un- 
sightly and  even  dangerous  condition.  This  is  not  always  the  fault 
of  the  officials  in  direct  charge,  but  of  those  who  hold  the  purse  strings, 
who  are  disinclined  to  appropriate  money  to  maintain  something  that 
seems  to  be  in  fair  order  as  far  as  hasty  inspection  goes. 

There  can  be  no  doubt  in  the  minds  of  municipal  engineers  that 
the  keeping  of  any  form  of  pavement  in  perfect  condition  adds 
materially  to  its  total  life,  and  by  adding  together  all  costs  of  such 
maintenance  repairs,  for  the  normal  reasonable  life  of  the  pavement, 
the  total  will  not  equal  the  costs  of  practically  reconstructive  repair, 
at  longer  intervals.  If,  in  addition,  there  could  be  tabulated  the  ex- 
pense in  broken  axles,  strained  tendons,  paint  and  varnish  injured 
by  mud,  clothing  damaged,  wear  and  tear  on  the  nerves,  profanity 
induced,  etc.,  the  balance  would  be  very  largely  on  the  side  of  daily 
maintenance. 

In  that  portion  of  New  York  City  where  the  writer  has  more  or 
less  authority,  there  was  inaugurated,  some  years  ago,  the  system  of 
daily  inspection  of  all  the  more  heavily  traveled  roads,  covering 
practically  all  classes  of  pavement,  macadam,  brick,  asphalt  block, 
sheet  asphalt,  wooden  block,  bituminous  concrete,  iron  slag,  granite, 
etc.  In  rainy  weather,  when  depressions  show  most  conspicuously,  the 
men  stationed  on  macadam  roads,  note  the  depressions  and,  if  possible, 
at  once  clean  them  out  and  fill  them  in  with  new  broken  stone,  of 
such  assorted  sizes  as  need  may  require;  a  little  hand  tamping,  given 
at  the  time,  finishes  the  repair,  and  a  few  days'  traffic  makes  it 
indistinguishable  from  other  parts  of  the  roadway.  When  a  road  ' 
wears  down  so  that  the  aggregate  cost  of  daily  repairing  exceeds  the 
economical  limit,  then  reconstruction  takes  place. 

What  has  just  been  said,  of  course,  obtains  more  particularly  for 
such   a  pavement  as  macadam  than  for  the  more  permanent  forms, 
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Mr.  Tribus.  though  a  neglected  rut  or  an  improperly  made  repair  in  any  pave- 
ment, after  opening  the  street  for  some  purpose,  not  only  causes  an 
unsightly  and  even  dangerous  condition,  but  seriously  injures  the 
adjoining  portions  of  the  pavement  and  tends  to  lessen  the  life  of  the 
whole. 

It  has  been  the  aim  during  these  past  years  to  make  these  repairs 
permanently  and  perfectly  at  the  first  day  possible  after  an  opening 
is  made  and  back-filled.  While  such  repairs  can  be  more  readily  made 
in  some  classes  of  pavement  than  in  others,  the  general  principle  in- 
volved is  the  same,  and  the  result  is  almost  as  satisfactory  in  one  as  in 
the  other. 

Cleanliness  is  another  very  important  factor  in  the  life  of  a  road 
of  any  class.  A  macadam  road  kept  reasonably  free  from  dust  means 
freedom  from  mud;  consequently,  it  saves  annoyance,  and  the  stone 
is  held  together  longer  and  more  effectively  than  is  the  case  where 
a  loose  medium,  like  sand  or  mud,  aids  in  breaking  the  bond  and 
separating  the  stones. 

The  writer  remembers  a  long  stretch  of  macadam  road,  which 
actually  wore  down  until  the  tops  of  the  telford  foundation  stones 
showed,  without  any  raveling  of  the  surface,  due  entirely,  in  his 
opinion,  to  the  freedom  from  dust  and  mud,  the  traffic  being  very 
heavy  most  of  the  time. 

A  sheet-asphalt  pavement  kept  clean  will  last  longer  than  when 
left  in  a  dirty  condition,  as  in  the  latter  case  water  does  not  flow 
freely  from  the  surface,  and  thus  tends  to  rot  the  asphalt.  If  water 
can  be  kept  from  standing  on  the  surface,  the  wear  will  come  from 
traffic  only.  A  block  pavement  kept  clean  is  thereby  freed  from  a  great 
many  disintegrating  elements  that  find  their  way  between  the  joints 
and  tend  to  wear  the  blocks  on  their  edges  as  well  as  on  their  upper 
surfaces. 

It  is  a  fair  proposition,  therefore,  to  say  that  a  comparatively  in- 
expensive pavement,  well  laid  and  kept  clean  and  in  constant  repair, 
will  outlast  any  more  costly  pavement  that  is  neglected;  and  during 
their  respective  lifetimes  one  will  give  public  satisfaction  and  the 
other  will  be  a  nuisance  during  all  its  later  life. 

The  writer  has  only  taken  up  this  question  of  the  cleaning  of 
pavements  as  it  affects  the  life  of  the  pavement,  entirely  apart  from 
the  sanitary  side  and  the  general  comfort  of  the  community. 

There  are  so  many  conditions  affecting  the  selection  of  the  form 
of  pavement  for  any  given  street  or  locality,  that  it  would  make  a 
lengthy  discussion   to  go  into  that  topic  in  detail. 

Naturally,  the  first  consideration  is  the  ability  of  the  community 
to  pay  for  what  are  its  best  interests.  Assuming,  therefore,  that  the  first 
cost  is  not  limited,  a  pavement  should  be  selected  that  will  give  the 
least  noise,   the  smoothest  surface,  and  may  be  cleaned  to  the  best 
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advantage,  all  consistent  with  the  weight  of  traffic,  and  the  traction  Mr.  Tubus 
power  of  horses,  determined  largely  by  the  gradient. 

With  these  general  questions  settled,  then  come  the  estimates  for 
annual  repairs;  the  total  life  of  the  pavement  under  the  traffic  esti- 
mated; inconvenience  to  the  public  by  having  the  street  out  of 
commission  for  renewal,  etc. 

These  conditions  might  readily  indicate,  therefore,  the  need  for  a 
more  expensive  and  more  permanent  form  than  the  first  considerations 
would  suggest ;  so  that  no  general  rule  can  be  laid  down  for  the  original 
selection  of  a  pavement.  The  principles  of  construction  are  standard, 
but  the  practice  as  to  maintenance  is  far  from  being  standardized; 
and  the  writer  hopes  such  discussions  as  this  may  result  in  securing 
more  continued  and  constant  cleaning  and  repairing  of  all  classes  of 
pavement  than  is  as  yet  customary  in  the  United  States,  and  he  knows 
that  the  results  will  tend  toward  economy  and  comfort. 

James  Owen,  M.  Am.  Soc.  C.  E. — The  Society  and  the  country  at  Mr.  owen. 
large  should  be  congratulated  on  the  excellent  discussion  presented  by 
Mr.  Blanchard.  It  is  excellent  in  its  arrangement,  and  in  the  descrip- 
tion of  work  done.  It  also  gives  tangible  results,  for  it  shows  the 
important  item  of  cost,  which  should  be  impressed  upon  every  engineer 
engaged  in  highway  work  so  that  his  clients  may  have  a  basis  of  com- 
parison in  connection  with  the  change  which  is  about  to  come  in  road 
construction  in  America.  Mr.  Blanchard  shows  that  the  increased  cost 
over  old  methods  is  12  cents  per  sq.  yd.,  and  if  that  is  impressed  upon 
the  people's  minds,  the  small  extra  expense  of  building  a  road  accord- 
ing to  modern  ideas  and  regulations  will  be  quickly  appreciated. 

After  much  experience  in  road  building,  the  speaker  is  compelled 
to  confess  that  he  must  apologize  for  the  work  he  has  done.  History 
sometimes  repeats  itself,  and  it  is  a  fact  that  about  1843,  after  the 
good  roads  era  had  been  fairly  completed  in  England,  and  they  had 
the  system  which  has  been  handed  down,  the  construction  of  those 
good  roads  created  a  desire  for  self-propelled  vehicles.  They  were  not 
called  automobiles  then,  but  were  steam  carriages.  They  became  so 
prevalent  that  the  horsemen,  and  stage  drivers,  and  all  other  persons 
not  interested  in  that  mode  of  transit,  protested  so  vehemently  that 
Parliament  passed  a  bill  abolishing  the  steam  traffic  on  the  highways 
of  the  country.  This  was  really  prior  to  the  railroad  era.  After  the 
lapse  of  a  good  many  years,  the  self-propelled  vehicle  has  come  again, 
in  a  different  form,  and  has  come  to  stay,  so  that  the  engineer  must 
now  accept  such  means  of  locomotion  as  a  fact  and  must  make  due 
provision  therefor. 

One  point  should  be  brought  out  here,  namely,  that,  nowadays,  the 
term  "hard  roads"  should  be  eliminated.  Hard  roads,  according  to  the 
popular  idea,  are  not  wanted.  The  later  road  developments  show  that  a 
medium  is  being  placed  in  the  hard  material  to  obviate  the  hardness. 


462  DISCUSSION    ON    MAINTENANCE    OF    ROADS 

Mr.  Owen,  the  abrasion,  and  the  extreme  wear,  tear,  and  dust  of  those  surfaces. 
The  necessities  for  the  surface  to-day  are  what  would  be  called  pli- 
ability and  resilience,  a  surface  that  will  give  and  be  elastic,  and  will 
be  restored  normally  after  it  has  done  its  work.  It  is  proposed  to 
introduce  certain  foreign  material  in  order  to  encourage  that  resilience 
and  elasticity.  Two  extreme  cases  may  be  cited  to  exemplify  that  idea. 
In  California  earth  roads  were  covered  with  shale,  and  then  sprinkled 
with  oil,  which  gave  a  perfectly  smooth  surface  and  the  desired  degree 
of  elasticity  that  prevents  wear.  The  second  extreme  case  is  the  ideal 
pavement  made  with  asphalt.  Both  these  surfaces  are  elastic,  and  do 
not  wear  out.  Some  years  ago,  the  speaker  asked  one  of  the  asphalt 
representatives  how  much  wear  there  was  on  the  surface  of  asphalt 
pavements.  He  replied  that  there  was  no  wear.  Careful  examination 
shows  that,  practically,  this  is  a  fact.  One  section  of  a  city  road  under 
the  speaker's  control,  originally  covered  with  macadam,  had  to  be 
repaired,  on  account  of  travel,  every  two  years,  with  a  coating  of  about 
6  in.  of  broken  stone.  Asphalt  was  substituted,  and  has  been  down 
about  seven  years,  and  there  has  been  not  a  particle  of  wear,  nor  a 
movement  of  the  surface  in  that  time. 

This  expresses  the  speaker's  idea  of  an  elastic  surface.  If  there  is 
a  perfect  surface  of  this  kind,  the  element  of  wear  is  almost  eliminated. 
Furthermore,  having  that  elastic  surface,  the  question  of  the  positive 
texture  of  the  stone  used  is  not  of  such  great  importance.  New 
Jersey  has  been  priding  itself  somewhat  upon  its  roads.  They  are 
good  because,  for  the  system  of  construction  in  use,  the  material  is 
good.  The  difficulty,  in  the  different  States  and  sections  of  the  country, 
is  in  finding  material  with  which  to  make  good  roads;  thus  this 
question  of  mixture  is  important,  and  may  decrease  the  trouble  of 
obtaining  for  road  surfaces  such  good  material  as  was  formerly  required. 
The  suburban  districts  of  New  York  City  have  had  the  same  ex- 
perience in  the  treatment  of  roads  as  that  related  by  Mr.  Blanchard. 
Automobile  traffic  has  affected  the  roads  to  some  extent,  and  some 
method  must  be  contrived  to  prevent  the  resultant  damage.  The 
trouble  is  similar  to  that  in  Khode  Island,  and  Mr.  Blanchard  has  gone 
into  the  matter  in  great  detai],  and  has  given  tangible  information, 
and  definite  results. 

The  use  of  oil  in  the  vicinity  of  New  York  City  has  not  met  with 
favor.  It  certainly  eliminates  the  dust,  but,  in  residence  districts,  the 
odor  of  the  oil  is  very  objectionable,  and  the  oil  dust  that  rises  under 
certain  conditions  is  injurious  to  everything  it  touches;  consequently 
the  results  indicate  that  tar,  or  preparations  of  tar  and  asphalt,  will  be 
used  finally  to  decrease  the  wear  of  the  roads. 

Three  years  ago  the  speaker  re-coated  an  old  surface  with  3  in.  of 
broken  stone  and  tar,  with  the  screenings  on  top,  the  cost  being  about 
17  cents  per  sq.  yd.  The  result  was  most  satisfactory,  the  road  having 
been  neither  sprinkled  nor  repaired  since  that  time. 
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It  seems  proper  here  to  allude  to  roads  which  are  not  within  congested  Mr.  Owen, 
districts.  Professor  Baker,  who  is  very  enthusiastic  about  the  improve- 
ment of  roads  in  stoneless  districts,  where  the  necessity  for  the  proper 
administration  of  the  business  of  farmers  is  absolute,  considers  that 
the  elimination  of  the  necessity  for  extremely  hard  material  is  going 
to  be  an  important  factor  in  the  future  construction  and  development 
of  roads   in  stoneless  countries,  like  Nebraska,  for   instance. 

The  oiling  of  roads,  without  the  intervention  of  other  materials, 
seems  to  give  satisfaction  in  certain  localities.  The  plan  of  using 
inferior  material  and  a  binder  with  it,  is  one  on  which  there  has  not 
yet  been  much  experimentation,  and  the  suggestion  is  made  that,  if 
possible,  this  matter  be  taken  up  for  discussion,  so  that,  in  the  develop- 
ment of  roads  for  the  Central  States,  some  advantages  may  be  gained. 

Nelson  P.  Lewis,  M.  Am.  See.  C.  E. — In  the  past  the  highway  Mr.  Lewis, 
engineers  of  the  United  States  have  been  disposed  to  confine  their 
studies,  investigations,  and  discussions  to  what  have  been  called  perma- 
nent pavements.  By  permanent  pavements  is  meant  those  which  are 
usually  laid  under  contracts  calling  for  a  guaranty  for  maintenance 
for  a  year  or  a  term  of  years,  and  in  which  the  problem  of  maintaining 
and  repairing  is  not  assumed  by  the  municipality  or  State  almost 
immediately  upon  their  completion. 

There  has  been  a  disposition  to  regard  macadam  pavement  as  a 
temporary  expedient,  in  a  city  where  the  abutting  property  is  not 
able  to  bear  the  cost  of  a  more  permanent  road  material,  or  as  a  mitiga- 
tion of  the  discomfort  of  the  unimproved  suburban  or  country  high- 
way. Only  in  a  few  localities  where  there  are  numerous  towns  and 
villages  have  macadam  roads  been  built  and  maintained  so  as  to 
furnish  highways  upon  which  high-speed  motor  vehicles  can  be  driven 
with  any  degree  of  comfort.  It  follows  that  the  problems  of  con- 
structing and  maintaining  roads  of  the  macadam  type  have  not  been 
the  subject  of  careful  investigation  by  engineers,  and  the  results  of  the 
work  which  they  have  done  have  not  been  presented  in  the  careful 
manner  which  is  demanded  by  the  importance  of  the  problem. 

The  engineering  profession  is  greatly  indebted  to  Mr.  Blanchard 
for  having  placed  before  its  members  so  full  a  description  of  the  work 
of  the  Rhode  Island  State  Board  of  Public  Roads,  and  such  a  complete 
analysis  of  the  cost. 

Lately,  special  attention  has  been  drawn  to  the  construction  and 
maintenance  of  such  highways  by  the  advent  and  general  use  of 
motor  cars.  As  these  vehicles  pass  along  what  have  formerly  been  good 
highways,  they  are  followed  by  great  clouds  of  dust,  resulting  in  much 
discomfort  to  others  using  the  highway  and  to  those  living  in  its 
immediate  vicinity.  A  resident  of  Northern  New  Jersey  recently  said 
to  the  speaker  that,  while  formerly  one  who  wished  a  country  home 
could  purchase  property  20C  or  300  ft.  in  depth,  place  his  house  100  ft. 
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Mr.  Lewis,  from  the  highway,  and  live  in  comfort,  this  has  now  become  impossible. 
To  avoid  the  dust  raised  by  motor  cars  it  is  now  necessary  to  locate 
one's  dwelling  500  or  600  ft.  from  the  highway. 

The  dust  raised  by  motor  vehicles,  however,  means  more  than 
physical  discomfort.  It  means  that  the  road  material  is  being  used 
up  and  wasted  with  great  rapidity.  The  ordinary  city  pavement, 
especially  bituminous  pavement,  and  possibly  macadam,  if  kept  in 
good  surface,  may  be  improved  by  the  passage  over  it  of  heavy  vehicles 
moving  at  moderate  speed;  and,  within  the  limits  of  cities  and  in- 
corporated towns,  the  speed  of  such  vehicles  is  usually  kept  within 
reasonable  limits  by  police  regulation;  but  when  automobiles,  at  speeds 
of  from  25  to  50  miles  an  hour,  pass  over  these  highways,  with  broad 
rubber  tires  drawing  the  binding  material  from  the  road  metal,  the  case 
is  very  different. 

If  these  highways  are  not  to  be  entirely  destroyed,  the  speed  of  these 
vehicles  must  be  kept  within  reasonable  limits,  and  some  method  of 
construction  must  be  devised  which  will  result  in  a  surface  compacted 
with  a  binding  material  of  such  a  character  that  it  will  not  be  drawn 
from  between  the  pieces  of  road  metal  and  carried  away  as  dust,  or 
special  roads  must  be  provided  for  high-speed  motor  traffic.  If  the 
latter  plan  were  adopted,  such  highways  could  not  be  built  at  public 
expense,  but  would  be  the  result  of  private  enterprise,  and  the  expense 
of  construction  and  maintenance  would  be  met  by  tolls  paid  by  those 
using  them.  This  plan  has  lately  been  adopted  on  Long  Island,  N.  Y., 
where  a  motor  parkway  is  being  constructed  for  the  exclusive  use  of 
high-speed  motor  vehicles.  This  parkway  will  be  entirely  separate  from 
other  highways,  there  being  no  grade  crossings,  and  it  is  expected  that 
the  enterprise  will  be  supported  by  the  fees  charged  for  its  use. 

To  control  the  speed  of  motor  vehicles  on  country  roads  is  well-nigh 
impossible,  and  in  most  cases  the  only  treatment  which  appears  to  be 
possible  is  that  of  a  method  of  road  construction  and  maintenance 
which  will  adapt  the  highways  to  the  new  conditions.  This  is  the  plan 
which  is  described  by  Mr.  Blanchard.  The  objection  which  has  been 
thought  almost  fatal  to  such  a  plan  has  been  the  greatly  increased  cost 
of  construction,  but  the  data  submitted  by  Mr.  Blanchard  show,  in  a 
manner  almost  startling,  that  this  increased  cost,  under  an  intelligent 
plan  and  competent  supervision,  would  be  relatively  little. 

Roads  built  with  bituminous  cementing  materials  may  present 
exceptional  difficulties  in  making  emergency  repairs.  Breaks  or  holes 
in  the  surface  will  inevitably  occvir,  either  through  a  defective  spot  in 
the  foundation  or  from  some  external  cause.  To  repair  such  breaks, 
either  by  the  mixing  or  penetration  process,  would  be  difficult  and 
expensive  under  any  system  of  maintenance,  and  the  members  of  the 
Society  would  doubtless  be  glad  to  know  whether  Mr.  Blanchard  has 
formulated  a  plan  for  making  such  repairs.     He  states  that  the  differ- 
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ence  in  cost  between  ordinary  macadam  pavement  and  the  bituminous  Mr.  Lewis, 
macadam  described  by  him  has  been  as  little  as  12  cents  per  sq.  yd. 
This  is  certainly  a  remarkable  record,  and  the  cost  of  labor  must  be 
very  low  and  its  efficiency  very  high  in  Rhode  Island.  The  speaker 
is  under  the  impression  that  this  slight  diflFerence  in  cost  could  scarcely 
be  approximated  in  a  typical  American  city,  especially  where  the  pre- 
vailing rate  of  wages  and  the  minimum  length  of  day  are  religiously 
observed.  Still,  the  ratio  between  the  ordinary  contract  price  and  the 
increased  cost  of  the  kind  of  construction  described  should  be  realized 
if  equally  efficient  supervision  and  careful  attention  to  detail  could 
be  insured. 

Mr.  Owen  has  spoken  of  the  desirability  of  elasticity  and  resiliency 
in  a  roadway  for  motor  cars,  and  has  referred  to  the  earth  road  as  a 
type  of  the  desirable  highway.  The  speaker  confesses  his  lack  of  faith 
in  these  qualities  as  desirable  for  an  automobile  highway  for  high- 
speed cars.  At  low  speeds  the  earth  roadway  is  admirable,  but  the 
speed  at  which  cars  run  at  the  present  day  would  seem  to  require  a 
very  hard  and  unyielding  surface. 

That  the  problem  presented  by  the  general  use  of  high-speed  motor 
vehicles  has  arrested  the  attention  of  the  most  painstaking  highway 
engineers  of  the  world  is  shown  by  the  fact  that  the  French  Govern- 
ment has  arranged  for  an  International  Highway  Congress  to  be  held 
in  Paris  during  the  present  year  for  the  express  purpose  of  studying 
these  problems.  The  French  highways  have  been  among  the  finest  in 
the  world,  and  it  is  stated  that  they  are  fast  being  destroyed  by  high- 
speed motor  cars.  The  Congress  is  to  consider,  not  only  the  problems 
of  construction  and  maintenance  of  the  roads,  but  that  of  cars  and 
tires  as  well,  with  the  use  of  chains  and  other  devices  to  prevent 
skidding. 

The  speaker  has  had  the  privilege  of  examining  the  Rhode  Island 
roads  with  Mr.  Blanchard,  and  has  been  greatly  impressed  with  the 
results  which  have  been  secured.  The  surfaces  of  the  bituminous 
macadam  roads,  constructed  as  he  has  described  them,  are  practically 
perfect,  although  some  of  the  roads  have  been  in  use  for  two  years, 
and  they  are  absolutely  dustless.  Portions  of  them  are  in  sparsely 
settled  localities  where  there  is  apparently  no  restriction  upon  the  speed 
of  motor  vehicles,  and  motor  cars  pass  along  the  roads  swiftly  and 
smoothly  without  the  customary  trail  of  dust,  which,  however,  is 
emphatically  and  offensively  apparent  the  moment  the  ears  pass  from 
the  bituminous  macadam  to  that  of  the  ordinary  type.  In  the  speaker's 
judgment,  Mr.  Blanchard  has  made  notable  progress  in  solving  what  is 
probably  the  most  serious  problem  confronting  highway  engineers  at 
the  present  time. 

G.  N.  Houston,  Assoc.  M.  Am.  See.  C.  E. — The  speaker  had  the  Mr.  Hou.ston. 
good   fortune   to    live    during   the   first    twenty   years    of   his   life    in 


466  DISCUSSION    ON    MAINTENANCE    OF    ROADS 

Mr.  Houston,  northern  New  Jersey,  the  section  referred  to  by  Mr.  Owen,  where 
excellent  macadam  and  teKord  roads  have  been  constructed  from  the 
crushed  trap  rock  of  the  Orange  Mountain.  He  is  also  somewhat 
familiar  with  the  conditions  in  Illinois  referred  to  by  Professor 
Baker. 

In  Colorado  many  varying  conditions  are  encountered.  In  the 
eastern  part  are  the  agricultural  districts,  where  the  farmer  must  be 
provided  with  roads  over  which  to  haul  his  produce  to  the  nearest 
market  or  shipping  point.  Of  this  traffic,  the  most  wearing  on  ihe 
roads  is  that  caused  by  the  hauling  of  sugar  beets,  the  loads  weighing 
from  2  to  4  tons. 

In  that  part  of  the  State  good  material  for  ballast  is  either  lacking 
entirely  or  too  expensive  to  obtain.  On  one  of  these  roads,  in  the 
southeastern  part  of  the  State,  the  only  material  available  was  what 
appeared  to  be  a  fairly  tough  shale.  On  excavating  to  a  depth  of  12  in., 
however,  it  was  found  that  the  material  below  this  point  was  only 
partly  consolidated,  being  damp  and  pliable.  On  being  exposed  to  the 
air  for  several  days,  it  became  quite  hard,  and  similar  to  that  on  the 
surface.  There  being  only  a  limited  quantity  of  surface  shale,  it  was 
decided  to  use  the  softer  material  below.  This  was  excavated  with 
slips,  and  placed  on  the  roadway,  8  in.  thick  at  the  center  and  2  in. 
thick  at  the  sides,  the  roadbed  being  15  ft.  wide.  It  was  then  rolled 
to  the  proper  cross-section  with  a  10-ton  roller,  and,  after  hardening, 
proved  to  be  a  satisfactory  ballast.  The  cost,  without  the  rolling,  was 
29  cents  per  lin.  ft.  of  roadway. 

In  other  parts  of  the  State  there  is  the  problem  of  a  very  high 
water-table.  In  some  parts  of  the  San  Luis  Valley  it  is  within  6  in. 
of  the  surface.  Much  of  the  soil  there  is  a  heavy  adobe  which  absorbs 
this  water  by  capillary  action,  freezes  in  the  winter,  and  when  thawing 
heaves  the  roadbed  from  12  to  18  in.  above  grade.  The  only  remedy 
for  this  seems  to  be  to  ditch  the  road  on  each  side,  using  the  material 
to  grade  the  roadway  from  18  in.  to  2  ft.  above  the  surrounding 
country. 

In  the  mountains  there  is  usually  excellent  ballast,  the  best  being 
a  disintegrated  granite.  This  resembles  a  finely  crushed  stone,  being 
angular,  and  varying  from  f  to  i  in.  in  greatest  dimension.  Some 
binder  is  usually  needed  with  it. 

When  a  mountain  road  in  Colorado  is  properly  constructed,  it 
needs  comparatively  little  maintenance,  except  when  it  is  misused, 
as  is  often  the  case  in  the  mining  districts.  For  instance,  a  mining 
camp  opens  up,  and  roads  must  be  built  to  get  the  ore  out  and  supplies 
in.  Not  knowing  whether  or  not  it  will  develop  into  a  permanent  camp, 
the  work  is  more  or  less  temporary  in  character.  This  is  more  espe- 
cially true  of  the  bridges,  which  are  usually  rough  log  affairs.  If  a 
bridge  goes  out  on  account  of  high  water,  or  becomes  too  rotten  to 
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Fig.  1.— Typical  Reinforced  Concrete  Bridge  for  Colorado  Roads. 


Fig.  2.-PART  of  the  Red  Mountain  Road  from  Ouray  to  Silverton,  Colorado. 
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carry  the  loaded  wagons,  and  the  district  has  not  developed  sufficiently  Mr-  Houston. 
to  warrant  a  new  bridge,  the  miners  then  begin  to  pack  in  and  out, 
and  it  takes  but  a  few  trips  of  burros  loaded  with  timber  or  rails  to 
destroy  the  remainder  of  the  road.     Great  damage  to  mountain  roads 
is  also  caused  by  driving  herds  of  cattle  over  them. 

The  Legislature  of  Colorado  appropriates  about  $150  000  every  two 
years  for  the  construction  of  roads  and  bridges.  This  is  used  in  making 
new  roads,   improving  existing  ones,   and   building  bridges. 

The  grades  exceed  20%  on  some  of  the  old  roads.  On  all  new 
work  under  the  State  the  maximum  grade  is  limited  to  12%,  with  a 
6%  maximum  adverse  grade.  In  the  mountains  the  width  varies  from 
8  to  14  ft.,  with  a  16-ft.  width  at  turnouts. 

The  law  requires  that  the  county  in  which  a  road  or  bridge  is 
built  by  the  State  shall  maintain  it,  so  that  the  State,  officially,  has 
very  little  to  do  with  keeping  up  the  roads.  In  order  to  reduce  this 
maintenance  to  a  minimum,  reinforced  concrete  bridges  are  built 
wherever  practicable. 

The  State  has  completed,  or  has  under  contract,  twelve  of  these 
bridges,  varying  from  462  ft.  long  (eleven  42-ft.  spans)  to  a  single- 
span,  125-ft.  arch  bridge.  Most  of  these  bridges,  however,  have  been 
of  the  slab  and  girder  type  (maximum  50-ft.  span,  16-ft.  clear  road- 
way), and  designed  for  a  16-ton  traction  engine  loading.  These  cost 
from  $42  to  $45  per  lin.  ft.,  including  pile  foundations. 

Owing  to  the  dry  climate,  the  roads  in  Colorado  are  in  excellent 
condition  during  10  months  of  the  year,  and  are  seldom  impassable 
on  account  of  mud  during  the  remaining  2  months.  Owing  to  this 
fact,  there  is  an  increasing  demand  that  grades  be  cut  down  to  accommo- 
date the  growing  automobile  traffic. 

During  the  present  year  (1908)  the  State  has  taken  up  the  experi- 
ment of  convict  labor  on  road  building.  A  iroad  has  been  planned 
through  the  State,  extending  from  the  northern  to  the  southern  bound- 
ary, and  the  convicts  are  now  working  at  the  southern  end.  Reinforced 
concrete  culverts  and  bridges  are  being  built  entirely  by  this  labor. 

The  design  and  supervision  of  construction  of  all  State  roads  or 
bridges  is  under  the  State  Engineer. 

D.  C.  Wedgewortii,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter.) — The  Mr.  wedge- 
importance   of   highway    improvements   depends   not   so   much   on    its      '^'^^  " 
engineering  elements,  as  on  the  fact  that  a  real  improvement  adds  a 
certain  percentage  to  the  value  of  the  property  it  affects.     The  rural 
districts  are  beginning  to  understand  that  the  slight  increase  in  taxes, 
if  spent  on  properly  improved  highways,  is  a  good  investment. 

This  work  of  improvement  has  been  entrusted  to  the  engineer,  and 
it  is  safe  to  say  that  it  has  not  proved  a  very  simple  problem.  The 
usual  method  is  to  lay  a  macadam  roadway.  This  has  been  to  a 
large  extent  successful,  but  the  writer  believes  that  a  slight  alteration 
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Mr.  Wedge-  of  the  method  will  add  to  the  life  of  the  road  and  lessen  the  cost 
of  construction  as  well  as  maintenance. 

This  cost  is  dependent  on  many  things,  mainly  the  source  of  supply 
of  material,  stone,  filler,  water,  etc.,  and,  unfortunately,  the  cost  of 
improvement  of  a  highway  is  a  large  factor  in  its  treatment.  Against 
increased  cost  may  be  balanced  a  cheaper  construction  with  probably 
a  poorer  highway.  For  this  reason  the  engineer  must  strike  a  fine 
balance  between  an  ideal  roadway  at  high  cost  and  an  inferior  road- 
way at  less  cost.  In  arriving  at  a  final  result  there  should  be  no  better 
criterion  than  the  results  obtained  from  methods  and  materials  hereto- 
fore used. 

Given  a  road  having  a  porous  yet  stable  soil,  well  drained,  it  is 
frequently  found  that  a  slight  improvement  of  natural  conditions 
affords  a  good  roadway.  The  worst  natural  conditions  require  the 
best  road,  the  most  thought,  and  frequently  the  most  expense.  Under 
such  conditions  an  ideal  road  may  be  prohibited  by  great  expense. 

The  engineer  is  then  forced  to  find  the  material  and  method  of 
construction  which  will  give  the  best  road  for  the  money  to  be  ex- 
pended; or,  in  other  terms,  the  limit  of  expenditure  is  determined  by 
the  value  of  the  results  obtained  per  dollar  of  expenditure. 

The  basic  principle  of  a  macadam  road  is  the  placing  of  a  suit- 
able wearing  surface  over  a  solid  base  in  such  a  way  that  the  macadam 
will  perform  two  functions,  first,  sustain  the  wear  of  traffic,  and  second, 
transmit  to  the  base  the  loads  imposed  by  the  traffic. 

Had  the  engineer  always  at  hand — or  the  money  to  bring  to  hand — 
materials  which  would  furnish  the  macadam  capable  of  carrying  out 
these  functions,  the  problem  would  be  more  simple;  but,  to  bring  about 
these  results  with  the  materials  at  hand,  calls  for  much  thought,  ex- 
perience, and  common  sense. 

Although  the  matter  of  general  location  and  sub-base  of  a  roadway 
is  very  important,  it  does  not  enter  into  this  presentation,  as  the 
writer  wishes  to  deal  only  with  the  construction  of  the  macadam  proper. 
Having  settled  upon  the  location  and  prepared  the  base,  or  sub-base, 
as  the  case  may  be,  the  present  method  has  for  its  object  the  formation 
of  a  6-in.  layer  of  crushed  stone,  bonded  and  placed  in  such  a  way 
as  to  form  a  solid  mass  impervious  to  water.  To  this  end  a  stone  of 
good  binding  qualities  must  be  found.  This  must  be  bonded  with  a 
proper  filler,  and  the  whole  consolidated  by  successive  manipulations 
until  this  result  is  approached  as  nearly  as  may  be.  The  roadway  is 
then  put  on  trial;  if  it  stands,  the  material  and  manipulations  have 
been  correct;  if  not,  reasons  and  repairs  are  in  order.  Considering 
the  varieties  of  stone  and  filler  at  hand,  differing  with  various  roads,  it 
is  rather  remarkable  that  so  large  a  percentage  of  roads  shows  satis- 
factory results. 

The  point  the  writer  wishes  to  bring  out  is  this:    The  stability  of 
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and  the  manipulation.  Under  the  best  conditions,  there  are  seasons 
of  the  year  when  this  bond  is  temporarily  destroyed  by  the  action  of 
freezing  and  thawing.  Heavy  loads,  also,  may  destroy  the  bond  before 
the  load  is  transmitted  to  the  base.  This  fact  is  shown  by  the  early 
repairs  necessary  on  roads  built  under  the  present  method.  It  is  a 
fact,  also,  that  when  a  country  road  is  macadamized,  not  only  will  the 
number  of  vehicles  be  increased,  but  the  weight  of  single  loads  will 
be  doubled. 


Fig.  1. 

Fig.  1  illustrates  this  point.  The  stones  are  pushed  up  on  each 
side  of  the  wheel  track,  and  not  down  into  the  base,  simply  because 
the  bond  is  not  sufficient  to  hold  them  together.  A  close  examination 
during  repair  work  will  show  that  this  is  exactly  the  case. 

Proposed  Method. — Would  it  not  be  a  more  logical  and  common- 
sense  way  to  place  the  stones  in  the  macadam  before  crushing,  as  far 
as  possible,  than  to  break  them  up  and  try  to  bind  them  together 
again  ?  Does  a.  carpenter  cut  a  post  in  sections  with  the  intention  of 
splicing  it  again  when  in  the  building?  Why  not  save  this  expense 
of  crushing  and  rolling  as  much  as  may  be? 


Fig.  2. 

Fig.  2  represents  a  section  built  after  the  following  method: 
Having  prepared  the  base  in  the  usual  manner,  the  larger  stones  are 
hauled  upon  the  base  and  placed  near  one  another,  no  special  care 
being  taken,  as  that  would  take  much  time  and  cause  expense.  These 
stones,  in  their  vertical  dimension,  should  average  about  7  in.  for  an 
8-in,  thickness  of  macadam.  Smaller  stones,  from  the  crusher,  or 
spawls  from  the  quarry,  are  then  drawn  in,  and  the  spaces  between 
the  large  stones  well  filled.  A  wearing  surface  of  about  2  in.  is  placed 
over  all,  and  the  whole  well  rolled.  As  much  stone  dust  as  the  stone 
will  take  up  is  then  applied,  and  the  surface  is  puddled,  as  in  the 
present  method. 

The  large  stones  transmit  the  load  directly  to  the  base.  Filler  is 
not   depended   on   to   bind   the   whole  together,   as   the   smaller   stones 
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between  the  large  ones  will  do  this.  In  fact,  very  little  filler  will  reach 
the  bottom,  thus  leaving  it  open  for  drainage,  and  avoiding  the  danger 
of  disintegration  by  frost. 

Comparative  Cost. — To  make  an  accurate  comparison  between  the 
cost  of  the  present  and  the  proposed  methods,  similar  conditions  must 
be  imposed  on  each.  On  roads  where  local  field  stone  can  be  used  with- 
out crushing,  and  crushed  stone  can  be  imported  at  reasonable  rates, 
the  percentage  saved  will  be  greater  than  where  all  stone  must  be 
hauled  from  the  quarry  in  either  case.  Whatever  the  conditions,  there 
is  a  saving  of  50%  of  the  crushing  and  40%  of  the  rolling  in  com- 
parison with  the  present  two-course  road.  Another  point  not  to  be 
overlooked  is  the  utilization  of  the  total  product  of  the  crusher.  This 
method  takes  out  the  dust  and  1-in.  to  2-in.  stone,  putting  all  the 
remaining  product  in  one  bin.  This  product  should  be  used  to  fill  the 
spaces  between  the  large  stones,  and  the  1-in.  to  2-in.  stone  for  the 
wearing  surface.  In  case  a  local  stone  is  used  for  the  body  of  the 
road,  and  trap  is  imported  for  the  top,  very  little  crushing  on  the 
ground  will  be  necessary,  and  the  whole  product,  with  the  exception  of 
the  dust,  may  be  put  in  one  bin  and  used  to  fill  the  spaces  between 
the  large  stones. 

On  an  average  road,  with  field  stone  convenient  to  the  roadway, 
and  a  good  lirdestone  quarry  along  the  road,  a  comparison  of  cost 
would  be  somewhat  as  follows : 


Cost  per  100  ft.  of  12-ft.  Eoadway. 


Preparation  of  base,  say 
average  of  6  in.  ex- 
cavation or  fill,  with 
necessary   rolling    and 

grading 22.2 

Quariying  stone 2.3 

Quarry ing  stone 15 

Hauling  field  stone 15 


Crushing  quariy  stone. . 
Crushing  quarry  stone. . 
Hauling  crushed  stone . 
Hauling  crushed  stone . 
Placing  and  rolling.  . . . 
Placins  and  rolling.  .  . . 


.  2.3 
.  16 
.  23 
.  16 
133. 
,1.33. 


^q-  y 


d. 


Present 
method. 


at.«0.75 

"     0.50 

•'     0.50 

"  0.25  (in  place). 

"     0.25 

"     0.25 

"     0..S2 

"     0.32 

"     0.15 

"     0.10 


^6.65 
11..^0 


5.75 

7..36 

20.00 


Proposed 
method. 


S16.65 

7.. 50 
3.75 

4.00 

5.12 

13.33 


Comparative  totals S(;i.26      850.35 

These  figures  are  not  intended  to  fit  any  particular  case,  but  are 
taken  as  an  average  from  cost  items  on  several  roads.     The  first  item 


DISCUSSION    ON    MAINTENANCE    OF    ROADS  471 

will  vary  considerably,  and  will  affect  somewhat  the  total  percentage  Mr.  Wedge- 
saved  under  the  proposed  method.  The  cost  of  hauling  field  stone  may 
vary,  also,  but,  if  stone  walls  are  convenient,  and  if  the  stones  are  of 
moderate  size  or  easily  broken,  the  figure  used  may  be  reduced.  The 
quantities  used  are,  23  cu.  yd.  of  stone  for  the  present  method  and 
30  cu.  yd.  for  the  proposed  method,  giving  a  thickness  of  finished 
macadam  of  6  in.  in  the  former  case  and  8  in.  in  the  latter.  In  the 
proposed  method  it  is  estimated  that  50%  of  the  volume  will  be 
crushed  stone. 

Where  there  are  no  field  stones,  but  a  good  quarry  is  at  hand,  the 
estimate  would  be  changed,  as  follows:  ^        .       ,, 

Present         Proposed 
method.  method. 

Preparation  of  basi- , .?16.f)o         .f  IH.Go 

Quarrying  stone 23     cu.  yd.  at  -SCoO 11.50 

Quarrying  stone 30       "     " 


Crushing  stone 23 

Crushing  stone 16 

Hauling  crushed  stone  ....  23 

Hauling  crushed  stone  ....  10 

Hauling  quarry  stone 1.5 


0..50 15.00 

0.25 5.75 

0.25 4.00 

0..32 7.30 

0.32 5.12 

0..32' 4.80 


Placing  and  rolling 133.3  sq.  yd.  -     0.15 20.00 

Placing  and  rollinij 133.3    "     "     "     0.10 13..33 


Comparative  totals .*61.2fi         1=58.90 

Under  such  conditions  as  abundant  field  stone  with  no  quarry 
suitable  for  top  stone,  so  that  top  stone  would  be  imported  in  any 
case,  trap  might  be  specified  for  the  top,  and  the  estimate  would  be 
about  as  follows:  p^^^^^,       p^^p^^^^ 

method.  method. 

Preparation  of  base 816.65  816.65 

Hauling  field  stone 16     cu.  yd.  at  80.25 4.00 

Hauling  field  stone 22       "     "    "     0.25 5.50 

Crushing  field  stone 16       "     "    "     0.25 4.00 

Crushing  field  stone 11       "     "    "     0.25 2.75 

Hauling  crushed  stone..  . .    16       •'     ••    "     0.32 5.12 

Haiding  crushed  stone..  . .   11       0..32 2.52 

Trap,  dumped  in  place. . . .     8       ^'     -    "     3.50 28.00  28.00 

Screenings  (limestone)..  .      5       "     "    "     2.25 12.25  12.25 

Placing  and  rolling 133.3  sq.  yd.  ••     0.15 20.00 

Placing  and  rolling 133.3    ••     '•     •■     0.10 13.33 


Comparative  totals 890.02         8S1.10 

Although   these  figures   cannot   be  exactly   determinate,   owing  to 
inability  to  apply  them,  as  they  are,  to  any  particular  road,  the  writer 
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Mr.  Wedge-  believes  that,   as   an   average,  they   are  fair,   and   that  they  indicate 

worth.  ,..  111.  ,.  .  1  •       r 

a  reduction  m  cost  and  the  production  of  a  superior  roadway,  m  favor 
of  the  proposed  method. 

It  may  be  said,  in  opposition  to  this  method,  that  it  is  impossible 
to  roll  the  loose  stone  of  such  depth  into  the  spaces  among  the  large 
stones  of  the  base.  This,  however,  the  writer  does  not  believe  to  be 
the  case,  as  the  sub-base  is  being  constructed  by  this  method  on  many 
roads.    Why  not  make  the  roadway  itself  a  sub-base? 

One  often  hears  it  said  that  macadam  roads  cost  too  much,  both 
at  first  and  in  maintenance,  yet  contractors  are  slow  to  take  them 
at  appropriation  figures.  It  is  the  duty  of  the  engineer  to  furnish  the 
best  construction  for  the  least  money  possible.  The  effort  at  improve- 
ment, however,  has  been  directed  toward  making  the  present  method 
more  thorough  and  more  expensive. 

Macadam  is  being  laid  over  comparatively  good  roads,  built  before 
the  days  of  rollers  and  stone  crushers.  In  the  finer  product  let  engi- 
neers not  forget  entirely  the  methods  and  means  of  those  who  built 
before  them,  for  they  built  well  and  at  little  cost.  More  stone  and 
less  expensive  manipulation  is  a  step  in  the  right  direction.  Try  it, 
Mr.  Baker  Ira  O.  Baker,  M.  Am.  Soc.  C.  E. — In  many  of  the  States  of  the 
Mississippi  Valley  there  are  large  tracts  of  rich  alluvial  soil  almost 
entirely  devoid  of  either  gravel  or  stone  suitable  for  building  wagon 
roads.  Many  of  these  tracts  are  at  present  in  a  high  state  of  cultiva- 
tion, and  all  of  them  promise  to  be  comparatively  soon.  Some  of  these 
tracts  are  probably  as  rich  and  productive  as  any  equal  area  in  the 
world;  and  the  increasing  population  of  the  country  and  the  intensity 
of  the  scientific  study  now  being  bestowed  on  agricultural  operations 
in  the  United  States  promise  speedily  to  increase  still  further  the 
productiveness  of  the  soil  and  thus  add  to  the  wealth  of  these 
communities. 

The  problem  of  securing  and  maintaining  suitable  wagon  roads  in 
these  districts  is  not  a  simple  one,  either  in  its  political  or  its 
material  aspects.  There  is  great  diversity  of  opinion  as  to  what  con- 
stitutes a  road  suitable  for  the  needs  of  these  communities,  some 
contending  that  the  earth  road  meets  all  the  necessary  requirements, 
and  others  that  the  gravel  or  macadam  road  is  an  economic  and  social 
necessity.  It  is  the  purpose  of  this  discussion  to  call  attention  to  some 
of  the  difficulties  in  the  case,  although  the  questions  involved  are 
political,  social,  and  economical,  rather  than  engineering. 

Before  considering  the  subject  positively,  it  may  be  wise  to  look 
at  it  negatively;  that  is  to  say,  before  trying  to  discuss  the  problem 
one  should  get  clearly  in  mind  what  it  is  not.  During  the  10-year 
period  beginning  about  20  years  ago  a  large  amount  of  literature  upon 
the  subject  of  rural  road  improvement  was  set  afloat  in  newspapers, 
magazines,  and  reports,   and,  because  of  this  flood,  the  wagon  roads 
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of  the  country  districts  have  made  less  progress  in  the  last  15  or  20  Mr  Uaker. 
years  than  any  other  phase  of  rural  life. 

Facts  and  Theories  Inapplicahlc. — About  20  years  ago,  two  or  three 
well-organized  manufacturing  interests,  in  order  to  increase  the  sale  of 
their  goods,  deliberately  started  an  agitation  for  better  roads,  and,  un- 
fortunately, committed  the  conduct  of  the  scheme  to  those  who  knew 
little  or  nothing  about  either  road  construction  or  the  larger  principles 
of  economics  and  political  action  involved  in  any  comprehensive  system 
of  road  improvement.  The  interests  back  of  this  propaganda  were  very 
skilful  in  arousing  the  enthusiasm  of  their  followers,  who  were  both 
numerous  and  widely  distributed,  and  an  attempt  was  made  to  carry  by 
storm  a  reform  system  of  constructing  and  maintaining  the  wagon 
roads  of  the  nation.  Many  politicians  and  newspapers  sought  to  secure 
popularity  by  favoring  the  proposed  reformation,  and,  as  a  consequence, 
wide  circulation  was  given  to  certain  facts  and  theories,  which  in  their 
proper  field  were  true,  but  which  when  presented  without  limitation 
were  wholly  false  and  entirely  misleading. 

These  intemperate  advocates  of  road  reform  frequently  cited  the 
wagon  roads  of  England,  France,  and  Switzerland  as  examples  of 
what  the  United  States  could  and  should  do,  regardless  of  the  fact 
that  those  countries  are  abundantly  supplied  with  good  road-building 
materials,  while  in  this  country  there  are  areas,  greater  than  the  com- 
bined" area  of  those  countries,  in  which  there  is  absolutely  no  road- 
building  material.  Again,  the  stone  wagon  roads  in  those  countries 
were  built  under  the  stimulus  of  military  necessity  and  commercial 
need,  before  the  advent  of  steam  railroads;  w'hile  in  the  greater  part 
of  this  country  the  railroads  have  been  the  pioneers,  and  now  there 
is  no  commercial  need  of  long  lines  of  wagon  transportation,  except 
perhaps  in  the  immediate  vicinity  of  large  cities.  Further,  the  density 
of  population,  the  industrial  occupation,  and  the  agricultural  methods 
in  those  countries  are  very  different  from  the  methods  prevailing  in 
this.  Still  again,  the  method  of  maintaining  wagon  roads  in  those 
countries,  with  their  dense  and  poorly-paid  population,  is  no  criterion 
by  which  to  judge  what  is  wise  or  possible  in  this  country.  And  once 
more,  the  political  and  social  ideals  on  the  two  sides  of  the  Atlantic 
are  very  different,  and  make  possible  certain  results  in  Europe  which 
are  impossible  in  the  United  States. 

Again,  these  enthusiasts  frequently  cite  the  experiences  of  local 
cities  on  Long  Island  and  in  Kew  Jersey,  within  a  few  miles  of 
New  York  City,  as  though  they  were  representative  of  rural  condi- 
tions in  general.  New  York  is  the  largest  and  wealthiest  city  on 
the  North  American  continent,  and  it  is  not  to  be  wondered  at  that 
the  building  of  good  roads  is  one  means  of  enticing  people  to  move 
from  the  densely  populated  districts  of  the  city  into  the  more  health- 
ful  suburban   regions,   and   that   the   influx   of   such   inhabitants   has 
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Mr.  Baker,  greatly  increased  the  value  of  real  estate ;  but  not  all  of  the  United 
States  is  situated  in  the  bedroom  of  New  York  City.  Some  years 
ago  the  annual  report  of  the  State  Highway  Commissioners  of  New 
Jersey  contained  an  interesting  account  of  road  improvement  in 
Gloucester  County,  which  has  been  very  widely  copied  and  commended ; 
but  when  it  is  known  that  this  county  is  just  across  the  river  from 
Philadelphia,  and  that  the  soil  is  very  sandy  and  the  road  improvement 
simply  enabled  truck  farmers  to  wagon  their  produce  to  market,  it  is 
seen  that  this  example  has  but  little  practical  bearing  on  the  general 
question  of  rural  road  improvement.  Again,  along  the  eastern  shore 
of  New  Jersey  there  is  a  continuous  line  of  summer  resorts,  where 
people  of  wealth  go  to  enjoy  themselves,  and  it  is  doubtless  a  good 
business  proposition  for  such  communities  to  build  first-class  stone 
roads  for  the  pleasure  of  their  profitable  guests;  but  their  success  does 
not  prove  that  a  truly  rural  community  should  follow  their  example 
and  also  build  expensive  roads.  The  examples  of  the  States  of  Massa- 
chusetts and  New  York  in  hard-road  building  are  frequently  com- 
mended to  the  inhabitants  of  the  Prairie  States  of  the  Mississippi 
Valley,  but  the  industrial  and  topographic  conditions  of  these  two 
States  are  not  guides  for  the  flat,  grain-raising  States.  The  primary 
fault  of  most  road  reformers  has  been  that,  through  dense  ignorance, 
superficial  knowledge,  or  deliberate  intention,  they  have  presented 
facts,  separate  and  apart  from  their  limitive  conditions,  in  such  a  way 
that  the  truth  becomes  a  falsehood. 

This  ill-advised  and  intemperate  road  agitation  has  in  many  cases 
done  harm  in  the  communities  most  needing  road  improvement,  since 
a  form  of  road  construction  has  been  advocated  which,  under  most 
conditions,  has  been  entirely  impracticable,  if  not  ridiculous;  and  the 
result  has  been  that  those  who  are  most  interested  in  good  roads  have 
been  most  concerned  to  prevent  road  construction  and  maintenance 
being  made  subservient  to  interests  foreign  to  those  who  use  the  roads 
most  and  also  pay  for  them;  and,  as  a  result  of  this  condition  of 
affairs,  the  improvement  of  local  roads  has  not  received  the  attention 
recently  that  its  importance  warrants,  and  has  not  kept  pace  during 
the  past  20  years  with  rural  development  in  other  lines. 

Furthermore,  all  these  road  enthusiasts  claimed  that  the  only  good 
road  was  a  hard  road;  they  were  also  very  vehement  in  the  assertion 
that  nothing  could  be  done  to  improve  the  earth  road.  In  many  locali- 
ties a  hard  road  was  politically  and  economically  impossible,  and 
hence  the  earth  road  was  the  only  form  available;  but  the  assertions 
of  the  good-road  enthusiasts  only  serve  to  fix  the  belief  that  nothing 
could  be  done  to  improve  the  roads  of  snch  Incalities. 

Fallacies  in  Road  Economics. — It  was  in  the  field  of  economics  that 
these  road  reformers  made  their  most  glaring  errors,  produced  the  most 
irritation,  and  aroused  the  most  antagonism.     In  this  field  the  farmer 
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was  most  capable  of  indopendont  judgment.  He  was  not  much  con-  Mr.  Baker, 
cernod  about  the  lessons  which  the  road  enthusiast  sought  to  draw  from 
P^uropean  experience  or  even  from  experience  along  the  Atlantic  Coast, 
for  the  farmer  knew  that  social  and  industrial  conditions  in  those  locali- 
ties were  very  different  from  those  in  the  Mississippi  Valley,  and  hence 
such  arguments  made  little  or  no  impression  on  him;  but  when  the 
hard-road  enthusiast  began  to  tell  the  farmer  how  much  it  cost  him  to 
haul  his  produce  to  market,  and  how  much  he  could  save  by  the  con- 
struction of  hard  roads,  he  knew  instinctively  that  the  conclusions 
were  ridiculous,  and  the  continual  harping  upon  these  false  statistics 
and  absurd  estimates  led  him  to  believe  that  an  attempt  was  being 
made  to  force  hard  roads  upon  him,  whether  or  no,  and  his  attitude 
changed  from  one  of  indifference  to  one  of  open  hostility  to  all  road 
improvement. 

A  brief  examination  of  a  few  of  the  claims  of  these  agitators  will 
be  made  in  order  to  see  whether  or  not  the  farmer  was  justified  in 
his  judgment  as  to  their  truthfulness.  It  would  not  be  worth  while 
to  refer  to  this  literature  except  that  by  so  doing  its  nature  may  be 
exposed  and  thus  prevent  it  from  being  used  in  similar  discussions  in 
the  future.  The  speaker  will  examine  three  articles — of  the  most 
reputable  parentage — which  have  been  most  widely  circulated  in  their 
original  form,  and  are  most  frequently  quoted.  These  articles  seem  to 
have  been  distributed  to  all  the  public  libraries,  and,  apparently,  when 
any  one  is  moved  to  prepare  a  speech  on  road  improvement  or  write 
an  article  on  that  subject  to  be  used  as  plate  matter  in  the  country 
newspapers,  he  consults  such  literature.  The  speaker  has  seen  evidence 
that  each  of  the  articles  about  to  be  referred  to  was  used  recently  in 
connection  with  the  meetings  called  to  secure  a  good-roads  plank  in 
the  platforms  of  the  two  principal  political  parties. 

First. — One  of  these  articles  is  a  64-page  pamphlet  entitled:  "The 
Gospel  of  Good  Roads,  A  Letter  to  the  American  Farmer,"  published 
by  The  League  of  American  Wheelmen.     The  author  says : 

"From  official  Government  sources  I  find  that  the  farmers  of  this 

country,   in  the   year   1890,   and   upon   their   farms   draft   animals   as 

follows : 

'■Kind.  "Number.  ''Value. 

Horses  14  21.3  83Y  $978  516  562 

Mules   2  331  027  182  394  099 

Oxen    36  849  024  560  625  137 

Total 53  393  888  $1  721  535  798 

"You  see  you  have  nearly  $2  000  000  000  invested  in  motive  power 
of  a  perishable,  uncertain,  and  expensive  kind.  Busy  or  idle,  these 
animals  must  be  fed  and  cared  for  every  day.  They  are  boarders  that 
you  can't  get  rid  of  when  the  busy  season  is  over,  and  it  stands  you 
in  hand  to  keep  them  at  work." 
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Mr.  Baker  The  author  of  the  above  had  surely  not  traveled  much,  or  he 
would  have  learned  that  there  were  not  anything  like  tvsro  and  one- 
quarter  times  as  many  oxen  in  this  country  as  horses  and  mules. 
Evidently,  where  the  census  report  said  cattle,  he  read  oxen!  The 
man  refers  to  a  fellow  hard-road  enthusiast  who  "estimates"  that 
"bad  roads  cost  the  farmer  $15  per  year  for  each  horse  and  mule;" 
and  calculates  that  this  loss  amounts  to  $250  000  000  per  annum.  He 
next  asserts,  apparently  offhand,  that  the  loss  due  to  "wear  and  tear  on 
wagons  and  harness  is  $100  000  000."  He  then  proceeds  to  add  together 
the  value  of  his  draft  animals,  the  alleged  cost  of  bad  roads,  and  the 
estimated  cost  of  wear  and  tear  on  wagons  and  harness,  and  gets  a 
total  of  $2  350  000  000.  The  sum  is  frequently  quoted  as  the  annual 
cost  of  bad  roads  in  this  country. 

The  above  computations  are  almost  as  good  as  anything  in  Puck. 
Were  not  some  of  the  horses  and  mules  utilized  in  the  cities?  Think 
of  the  ludicrousness  of  including  the  value  of  each  horse  and  mule 
in  the  cities  (including  those  then  used  on  the  street  railroads)  plus 
$15  in  determining  the  cost  to  the  farmer  of  bad  roads.  Isn't  it 
cruelty  to  animals  to  make  the  colt  in  the  farmer's  pasture  bear  the 
burden  of  a  draft  animal;  or  to  charge  the  maverick  on  the  plains  with 
being  responsible  for  part  of  the  cost  of  bad  roads?  The  wear  and 
tear  on  wagons  and  harness  had  already  been  included  in  the  preceding 
$250  000  000,  the  cost  of  bad  roads ;  but  an  extra  $100  000  000  is  nothing 
to  a  hard-road  enthusiast.  Of  course  it  is  a  small  matter  to  have  added 
the  value  of  the  draft  animal  to  the  alleged  difference  of  its  earning 
power  on  good  roads  over  that  on  bad  roads !  The  article  makes  an 
error  of  $2100  000  in  determining  $250  000  or  less!  But  such  an 
error  is  of  no  moment  to  the  road  reformer ! 

There  are  several  other  things  in  this  pamphlet  almost  as  mis- 
leading, but  the  foregoing  item  is  referred  to  here  because  it  is  the 
part  most  frequently  quoted. 

The  pamphlet  is  liberally  illustrated  by  cuts  made  from  prize 
photographs  collected  by  the  members  of  the  League,  showing  the 
impassable  condition  of  earth  roads,  and  also  by  cuts  of  some  of  the 
magnificent  roads  of  Europe.  As  well  show  a  picture  of  some  of  the 
hovels  on  the  rocks  on  the  north  end  of  Manhattan  Island  or  of  a 
46-story  building,  as  representative  buildings  of  New  York  City. 

Second. — The  article  which  has  been  quoted  most  frequently  is  one 
published  by  the  United  States  Government,  in  which  it  is  distinctly 
stated  that  the  cost  of  wagon  transportation  in  1895  was  $946  314  665.54 
and  that  the  possible  annual  saving  by  road  improvement  is  $628  000  000. 
This  article  also  distinctly  asserts  that  the  cost  of  hauling  the  farm 
crops  to  market  is  $662  000  000,  or  26.6%  of  their  value. 

This  report  has  been  criticized  in  detail  elsewhere,  and  hence  needs 
no  further  examination  here.     With  a   certain  class  this  publication 
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had  great  influence,  as  it  appeared  to  have  the  weight  of  the  United  Mr.  Raker. 
States  Government,  and  as  it  claimed  to  be  the  result  obtained  in 
answer  to  10  000  letters  sent  to  agricultural  correspondents  all  over  the 
country;  but  farmers  of  the  rich  grain-producing  areas  of  the  Missis- 
sippi Valley,  the  districts  most  in  need  of  road  improvement,  pro- 
tested loudly  against  any  such  estimate.  They  claimed  that,  through  the 
exchange  of  work  and  by  doing  their  hauling  when  other  work  was 
not  pressing,  the  marketing  of  their  crops  cost  them  practically 
nothing. 

Ten  years  after  the  above  report  was  published,  the  United  States 
Government  published  the  results  of  another  and  more  elaborate 
investigation,  in  which  it  is  distinctly  stated  that  the  cost  of  hauling 
the  1905  crops  to  market  was  $84  684  000,  or  only  one-eighth  of  the 
result  in  the  former  report !  Other  Government  statistics  show  that 
the  crops  of  1905,  the  year  of  the  last  report,  were  practically  twice  as 
large  as  those  of  1895,  the  year  of  the  first  report;  and  therefore  the 
result  by  the  later  and  more  elaborate  investigation  is  really  only  one- 
sixteenth  of  that  of  the  first  report!  In  other  words,  the  result  by  the 
first  report  is  virtually  admitted  to  have  been  sixteen  times  too  large ! 
Is  it  any  wonder  that  the  farmer  was  unwilling  to  accept  such  a 
result  ? 

As  illustrating  the  fatality  that  seems  to  overtake  hard-road 
enthusiasts  when  they  attempt  to  compute  the  cost  of  bad  roads,  or 
rather  as  illustrating  their  proneness  to  look  for  excuses  for  making 
their  results  larger,  the  fact  may  be  mentioned  that  in  the  latter 
investigation  the  author  added  $11 700  000  for  the  wheat  that  was 
hauled  from  the  farm  to  the  mill,  which  by  his  own  figures  is  equiva- 
lent to  saying  that  nearly  one-third  of  all  the  wheat  raised  in  this 
country  is  hauled  in  wagons  from  the  farm  to  the  mill.  No  statistics 
are  at  hand  to  check  this  item,  but  the  probability  is  that  the  amount 
of  wheat  hauled  in  wagons  to  the  mill  is  a  very  small  proportion  of 
the  total;  and  hence  this  correction  is  much  too  large. 

There  are  three  other  errors  in  the  above  investigation  that  make 
the  conclusion  too  large:  1.  The  correspondent  was  asked:  "What  is 
the  greatest  distance  of  haul  to  shipping  point  by  any  considerable 
number  of  farmers?"  The  answer  was  assumed  to  be  the  radius  of 
the  contributing  area,  regardless  of  the  fact  that  usually,  because  of 
topographic  or  other  conditions,  produce  is  hauled  much  farther  from 
one  direction  than  from  another.  This  makes  the  distance  of  haul 
too  great.  2.  The  average  weight  of  load  was  assumed  to  be  the  mean 
between  the  largest  and  the  smallest,  regardless  of  the  fact  that 
most  of  the  farm  products  go  to  market  when  the  earth  roads  are  in 
nearly  their  best  condition,  and  consequently  the  maximum  load  is 
very  much  more  common  than  the  minimum  and  not  equally  frequent 
as  was  assumed.    This  error  makes  the  assumed  average  load  too  small. 
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Mr.  Baker,  and  therefore  makes  the  computed  cost  of  marketing  farm  products 
too  great.  3.  The  price  per  day  of  team  and  driver  was  taken  as  the 
"usual  cost  of  hiring  a  team  and  driver,"  regardless  of  the  fact  that 
hauling  is  a  secondary  employment  to  farmers  and  that  the  conditions 
of  service,  cost  of  feed  and  driver,  loss  of  time  by  had  weather,  etc.,  are 
very  different  for  the  farmer  and  the  professional  teamster.  The 
farmer  claims  that  the  assumed  price  per  day  for  team  and  driver  is 
much  too  great. 

The  above  total,  $84  684  000,  is  probably  at  least  twice  too  large. 
However,  even  this  sum  is  only  $15  each  for  the  5  740  000  farmers 
of  the  United  States;  and  therefore  the  alleged  cost  of  bad  roads  in 
marketing  the  crops  is  not  likely  to  bankrupt  the  farmer.  Of  course, 
only  part  of  this  sum  would  be  saved  if  the  farmer  had  permanently 
hard  roads  upon  which  to  haul;  and  consequently  only  a  fractional 
part  of  this  sum  is  available  for  hard-road  construction,  if  only  the 
economics  of  the  problem  is  considered.  Good  roads  are  of  an  ad- 
vantage to  any  rural  community,  but  they  must  be  defended  chiefly 
for  other  than  economic  reasons. 

Third. — The  third  article  referred  to  is  a  speech  by  a  United  States 
Senator  in  the  Senate  in  1904,  which  was  circulated  as  a  public  docu- 
ment. The  Senator  also  traveled  about  over  the  country,  apparently 
making  the  same  speech.  The  speaker  heard  it  twice  in  one  day  in 
the  same  room.  The  Senator  said  that  an  Ulinois  farmer  owning  100 
acres  can  get  permanently  hard  roads  for  a  tax  of  $20  per  year  for  5 
years,  provided  the  State  or  National  Government  will  pay  an  equal 
amount ;  and  then  he  will  have  three  ways  in  which  he  can  make  100% 
on  his  investment.     The  speaker  will  examine  this  statement  briefly. 

Under  the  mo.st  favorable  assumptions,  the  above  tax  amounts  to 
$1  280  per  mile.  What  kind  of  a  permanently  hard  road  can  be  built 
anywhere  for  that  sum?  What  kind  of  a  road  can  be  built  for  this 
sum  in  the  Illinois  corn  belt,  where  the  Senator  was  speaking  and 
where  gravel  or  broken  stone  must  be  hauled  about  100  miles? 

The  Senator's  first  method  of  making  100%  on  the  road  tax  is 
as  follows : 

"The  farmer  would  get  at  least  52  days'  labor,  when  not  engaged 
in  his  crop,  with  his  team  at  $2.50  per  day  which  would  amount  to 
$130,  of  which  half,  or  $65,  would  be  clear  profit." 

In  the  first  place,  the  tax  is  $100,  but  the  Senator  only  claims  $65 
profit  when  he  promised  $100 !  In  the  second  place,  as  the  farmer  and 
the  Government  together  only  pay  $200,  can  65%  of  it  be  safely  spent 
for  hauling  the  material? 

The  Senator's  second  way  of  paying  the  road  tax  was  by  the  re- 
duced cost  of  hauling  produce  to  market.  In  computing  the  cost  on 
earth  roads  he  virtually  counted  the  cost  of  team  and  driver  at  $3.75 
per  day,  even  though  he  had  just  said  that  at  $2.50  per  day  half  was 
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clear  profit!    He  also  counted  the  produce  per  acre  more  than  four  Mr.  Baker, 
times  that  given  by  the  U.   S.  Census.     Granting  his  estimates  and 
assumptions,  he  showed  a  profit  under  this  head. 

The  Senator's  third  way  of  paying  the  road  tax  was  by  the  increase 
in  the  value  of  the  land.  All  hard-road  advocates  count  both  the  reduced 
cost  of  transportation  and  the  increase  in  the  value  of  the  land,  regard- 
less of  the  fact  that  the  second  is  the  result  of  the  first,  and  also 
regardless  of  the  further  fact  that  hard  roads  add  nothing  to  the 
productivity  of  the  soil. 

The  Effect  of  the  Good-Road  Agitation. — Attention  has  been  called 
to  some  of  the  absurdities  of  three  of  the  most  prominent  pieces  of 
good-road  literature  known  to  the  speaker;  and,  if  it  were  desirable,  he 
could  present  others  which  are  equally  startling,  although  not  of  as 
good  parentage.  When  some  callow  bicyclist  writes  on  road  reform  for 
his  local  paper,  or  some  automobile  agent  writes  on  roads  for  a  trade 
journal,  or  a  carriage  dealer  makes  a  speech  at  an  annual  convention, 
the  statements  of  the  three  articles  referred  to  are  accepted  because  of 
their  authorship,  and  the  changes  are  rung  upon  their  statements  with- 
out any  question  as  to  their  truthfulness.  Accepting  the  above  statistics 
and  estimates  as  true,  the  conclusion  is  drawn  that  the  farmer  is  a  fool 
not  to  act  thereon,  and  consequently  such  productions  not  infrequently 
bristle  with  opprobrious  terms  applied  to  the  farmer. 

Is  it  any  wonder  that  the  farmer  has  not  been  influenced,  at  least 
favorably,  by  such  literature?  What  would  be  the  effect  if  the  dairy- 
men, the  corn  growers  and  the  cattle  raisers  should  flood  the  cities 
with  literature  calling  attention  to  the  imperfections  of  street  pave- 
ments, and  claiming  that  the  metropolitan  residents  were  losing  each 
year  vast  sums  of  money  through  lack  of  interest  in  the  conditions  of 
the  pavements,  and  should  cite  noted  boulevards  and  park  drives  as 
the  kind  of  pavement  the  cities  could  and  should  have  on  all  their 
streets  ? 

Many  of  the  advocates  of  hard-road  construction  have  not  had 
an  adequate  comprehension  of  the  facts  and  figures  they  have  pre- 
sented, and  have  greatly  underrated  the  understanding  of  the  farmers 
they  wished  to  convert.  The  men  who  make  public  opinion  in  any 
rural  community  know  that,  while  good  roads  may  have  greatly  en- 
hanced the  value  of  real  estate  in  the  bedroom  of  some  great  city, 
such  conditions  cannot  be  widespread.  The  representative  farmer 
understands  the  difference  between  the  conditions  under  which  he 
labors  and  those  of  the  huckster  near  a  large  city.  Even  though 
hard  roads  may  enable  a  farmer  now  and  then  to  rush  to  town  with  a 
dozen  of  eggs,  or  a  bushel  of  potatoes,  or  perhaps  a  load  of  hay,  and 
obtain  a  fabulous  price  therefor,  he  knows  that  these  conditions  are 
exceptional;  and  also  that,  if  any  considerable  number  of  hard  roads 
are   built,   producers   must   accept    the  general   level   of   prices.     The 
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Mr .  Baker.  Illinois  farmer  understands  the  difference  between  his  State  and 
Indiana  in  the  matter  of  the  proximity  of  road-building  material; 
and  he  also  understands  the  difference  between  the  rich,  sticky  soil  of 
his  own  State  and  the  soil  of  Massachusetts,  and  believes  that  the  ex- 
perience in  the  Bay  State  is  not  a  trustworthy  guide  for  him.  It 
may  add  spice  to  the  article  to  embellish  it  with  pictures  showing 
wagons  literally  half  buried  in  mud;  but  any  man  with  sense  knows 
that  these  conditions  are  not  representative. 

Within  the  past  few  years  the  agitation  for  hard  roads  has  nearly 
ceased  in  the  Prairie  States,  and,  coincident  with  such  subsidence, 
increased  attention  has  been  given  to  earth  roads.  When  the  hard- 
road  agitation  was  actively  going  on,  there  was  little  or  no  demand 
in  the  farmers'  institutes  (meetings  of  the  farmers  to  discuss  agri- 
cultural topics)  for  articles  or  discussions  on  road  topics;  but  recently 
there  has  been  a  large  demand  for  information  concerning  the  care 
of  earth  roads.  This  is  very  fortunate,  for  almost,  if  not  absolutely, 
universally  in  this  country  the  administration  of  road  affairs  is  in  the 
hands  of  small  local  official  boards,  which  from  the  nature  of  our 
form  of  government  are  likely  to  change  frequently.  This  condition 
imposes  a  well-nigh  insurmountable  limitation  upon  any  compre- 
hensive and  continuous  system  of  road  improvement,  unless  the  general 
public  firmly  believes  in  the  value  of  the  proposed  system.  Therefore 
it  is  highly  important  that  correct  information  concerning  road 
economics,  road  administration,  and  road  construction  should  be 
widely  disseminated.  Unless  a  community  is  willing  and  able  to  main- 
tain the  earth  roads  in  a  reasonably  good  condition,  it  is  useless  to 
expect  that  it  will  be  willing  or  able  to  support  a  high-class  wagon 
road;  and  therefore  the  dissemination  of  correct  information  concern- 
ing the  construction  and  care  of  earth  roads  is  politically,  economi- 
cally, and  physically  the  first  step  toward  a  better  form  of  con- 
struction. 

The  problem  of  the  earth  road  will  now  be  considered  briefly. 
Drainage  of  Earth  Roads. — Drainage  is  the  most  important  matter 
to  be  considered  in  the  construction  of  earth  roads,  since  no  road, 
whether  of  earth  or  stone,  can  long  remain  good  without  it.  Water  is 
the  natural  enemy  of  earth  roads,  for,  mixed  with  dirt,  it  makes  mud, 
and  mud  makes  bad  going.  The  rain  or  snow  softens  the  earth;  the 
horses'  feet  and  the  wagon  wheels  mix  and  knead  it;  and  soon  the  road 
becomes  impassable  mud,  which  the  frost  finally  freezes,  the  second 
state  of  the  road  being  worse  than  the  first — for  a  time  at  least. 
Further,  if  the  water  is  allowed  to  course  down  the  middle  of  the  road, 
it  will  wash  away  the  earth,  and  leave  gullies  in  the  surface  that  must 
be  laboriously  filled  up  by  traffic  or  by  repairs.  Prompt  and  thorough 
drainage  is  a  vital  essential  in  all  road  construction,  and  particularly 
so  for  earth  roads. 
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For  a  road  on  loam  or  clay  there  are  three  systems  of  drainage,  each  Mr.  Baker, 
of  which  must  receive  attention  if  the  best  results  are  to  be  obtained. 
These  three  systems  are:   (1)  underdrainage,  (2)  side  ditches,  and  (3) 
surface  drainage. 

Underdrainage.- — Any  soil  in  which  the  standing  water  in  the 
ground  comes  at  any  season  of  the  year  within  4  or  5  ft.  of  the 
surface  will  be  benefited  by  drainage;  that  is,  if  the  soil  does  not  have 
a  natural  underdrainage,  it  will  be  improved  for  road  purposes  by 
artificial  subsurface  drainage.  It  is  the  universal  observation  that 
roads  in  low  places  which  are  underdrained  dry  out  sooner  than  un- 
drained  roads  on  higher  land.  Underdrained  roads  never  get  as  bad  as 
do  those  not  so  drained. 

There  are  three  distinct  advantages  of  underdraining  earth  wagon 
roads. 

The  most  important  object  of  underdrainage  is  to  lower  the  water 
level  in  the  soil.  The  action  of  the  sun  and  the  breeze  will  finally 
dry  the  surface  of  the  road;  but  if  the  foundation  is  soft  and  spongy, 
the  wheels  will  wear  ruts  and  the  horses'  feet  will  make  depressions 
between  the  ruts.  The  first  shower  fills  these  depressions  with  water, 
and  the  road  is  soon  a  mass  of  mud.  A  good  road  cannot  be  main- 
tained without  a  good  foundation.  An  undrained  soil  is  a  poor  founda- 
tion, while  a  dry  subsoil  can  support  almost  any  load. 

A  second  object  of  underdrainage  is  to  dry  the  ground  quickly 
after  a  freeze.  When  the  frost  comes  out  of  the  ground  in  the  spring, 
the  thawing  is  quite  as  much  from  the  bottom  as  from  the  top.  If 
the  land  is  underdrained,  the  water  when  released  by  thawing  from 
below  will  be  immediately  carried  away.  This  is  particularly  im- 
portant in  road  drainage,  since  the  foundation  will  then  remain 
solid  and  the  road  itself  will  not  be  cut  up.  Underdrainage  will 
usually  prevent  the  "bottom  dropping  out"  when  the  frost  goes  out 
of  the  ground. 

A  third,  and  sometimes  a  very  important,  object  of  subdrainage 
is  to  remove  what  may  be  called  the  underflow.  In  some  places  where 
the  ground  is  comparatively  dry  when  it  freezes  in  the  fall,  it  will 
he  very  wet  in  the  spring  when  the  frost  comes  out — surprisingly 
so,  considering  the  dryness  before  freezing.  The  explanation  is 
that,  after  the  ground  freezes,  water  rises  slowly  in  the  soil  by  the 
hydrostatic  pressure  of  the  water  in  higher  places;  and,  if  it  is  not 
drawn  off  by  underdrainage,  it  saturates  the  subsoil  and  rises  as  the 
frost  goes  out,  so  that  the  ground  which  was  comparatively  dry  when 
it  froze  is  practically  saturated  when  it  thaws. 

The  underdrainage  of  a  road,  not  only  removes  the  water,  but  pre- 
vents, or  greatly  reduces,  the  destructive  effect  of  frost.  The  injurious 
effect  of  frost  is  caused  entirely  by  the  presence  of  water,  and  the  more 
water  there  is  in  the  roadbed  the  greater  the  injury  to  the  road.    The 
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Mr.  Baker,  water  expands  on  freezing,  the  surface  is  upheaved,  and  the  soil  is 
made  porous;  when  thawing  takes  place,  the  ground  is  left  honey- 
combed and  spongy,  ready  to  settle  and  sink,  and  under  traffic  the  road 
"breaks  up."  If  the  road  is  kept  dry,  it  will  not  break  up.  Under- 
drainage  cannot  prevent  the  surface  of  the  road  from  becoming  satu- 
rated with  water  during  a  rain;  but  it  is  the  best  means  of  removing 
the  surplus  water,  thus  drying  the  surface  and  preventing  the  subse- 
quent heaving  by  frost. 

Side  Ditches. — The  side  ditches  are  to  receive  the  water  from  the 
surface  of  the  traveled  way,  and  should  carry  it  rapidly  and  entirely 
away  from  the  roadside.  They  are  useful,  also,  to  intercept  and 
carry  off  water  that  would  otherwise  flow  from  the  side  hills  upon  the 
road.  Ordinarily,  they  need  not  be  deep,  but,  if  possible,  should  have 
a  broad,  flaring  side  toward  the  traveled  way,  to  prevent  accident  if  a 
vehicle  should  be  crowded  to  the  extreme  side  of  the  roadway.  The 
outside  bank  should  be  flat  enough  to  prevent  caving.  If  the  road  is 
tiled,  the  side  ditch  need  not  be  very  large;  but  it  should  be  of  such 
a  form  as  to  permit  its  construction  with  the  road  machine  or  scraping 
grader,  instead  of  by  hand.  On  comparatively  level  ground,  the  proper 
form  of  side  ditch  is  readily  and  cheaply  made  with  the  usual  road 
machine  or  scraping  grader.  A  deep,  narrow  ditch  is  expensive  to 
maintain,  since  it  is  easily  obstructed  by  the  caving  banks,  by 
weeds,  and  by  floating  trash.  If  it  is  necessary  to  carry  water  along 
the  side  of  the  road  through  a  rise  in  the  ground,  it  is  much  better 
to  lay  a  line  of  tile  and  nearly  fill  the  ditch  than  to  attempt  to 
maintain  a  narrow,  deep  ditch. 

The  side  ditch  should  have  a  uniform  grade  and  a  free  outlet  into 
some  stream,  so  as  to  carry  the  water  entirely  away  from  the  road.  No 
good  road  can  be  obtained  with  side  ditches  that  hold  the  water  until 
it  evaporates.  Most  ostensible  road  work  is  a  positive  damage,  for  this 
reason.  Piling  up  the  earth  in  the  middle  of  the  road  is  perhaps  in 
itseK  well  enough;  but  leaving  undrained  holes  at  the  side  probably 
more  than  counterbalances  the  benefits  of  the  embankment.  A  road 
between  long  artificial  ponds  is  always  inferior,  and  is  often  impassable. 
It  is  cheaper  and  better  to  make  a  lower  embankment,  and  to  drain 
thoroughly  the  holes  at  the  side  of  the  road. 

Surface  Drainage. — The  drainage  of  the  surface  of  a  road  is  very 
important,  and  is  provided  for  by  making  the  surface  crowning  and 
keeping  it  smooth.  It  should  be  remembered  that  water  upon  the 
surface  of  the  road  cannot  be  carried  away  by  the  underdrains,  since 
the  water  can  reach  them  only  after  it  has  penetrated  and  softened  the 
road  surface.  On  account  of  the  puddling  of  the  surface  when  wet,  by 
the  action  of  the  hoofs  and  wheels,  and,  under  the  most  favorable  con- 
ditions, little  water  will  percolate  through  the  surface  and  reach  the 
tile,  and,  with  clayey  soil,  no  water  will  be  thus  removed,  the  slope 
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from  the  center  to  the  side  should  be  enough  to  carry  the  water  freely  Mr.  Baker, 
and  quickly  to  the  side  ditch ;  and,  if  the  surface  is  kept  free  from  ruts 
and  holes,  less  crown  will  suffice  than  if  no  attention  is  given  to  keep- 
ing the  surface  smooth.  If  there  is  not  enough  crown,  the  water  can- 
not easily  reach  the  side  ditches;  and  hence  the  road  soon  becomes 
water-soaked.  Surface  drainage  is  chiefly  a  matter  of  maintenance, 
and  will  be  referred  to  again  under  that  head. 

Maintenance  of  Earth  Roads. — The  most  important  work  in  main- 
taining an  earth  road  is  to  keep  the  surface  smooth  so  that  the  rain- 
water will  flow  quickly  into  the  side  ditches.  If  the  surface  of  the 
roadway  is  properly  formed  and  kept  smooth,  the  water  will  be  shed 
into  the  side  ditches  and  do  comparatively  little  harm;  but  if  it 
remains  upon  the  surface,  it  will  be  absorbed  and  will  convert  the  road 
into  mud.  If  all  ruts,  depressions,  and  mud  holes  are  not  filled  as  soon 
as  they  appear,  they  will  retain  the  water  upon  the  surface,  to  be 
removed  only  by  gradually  soaking  into  the  roadbed  and  by  slowly 
evaporating;  and  each  passing  wheel  or  hoof  will  help  to  destroy  the 
road. 

There  are  several  machines  or  devices  which  are  very  effective 
in  filling  ruts  and  depressions,  and  in  keeping  the  surface  smooth. 
Among  these  are  the  ordinary  farm  harrow,  a  square  stick  of  timber 
shod  on  one  edge  with  a  strip  of  steel,  a  railroad  rail,  three  or  four  2-in. 
planks  with  their  edges  lapped  and  nailed,  the  A  -drag,  which  con- 
sists of  two  planks  set  on  edge  vertically  to  form  a  letter  A,  and  the 
split-log  drag. 

The  road  machine,  or  scraping  grader,  or  road  plane,  a  cutting 
blade  suspended  obliquely  under  a  frame  resting  upon  four  wheels, 
is  much  used  to  smooth  up  the  road  in  the  spring;  but  it  is  not  as 
good  for  this  purpose  as  the  more  simple  devices  mentioned  above. 
It  is  heavy,  and  cannot  be  used  until  the  roads  are  too  dry  and  hard 
for  the  most  efficient  work,  and  requires  four,  and  usually  six,  horses 
and  two  men  to  operate  it;  while  the  other  devices  require  only 
two  horses  and  one  man,  and,  if  used  at  the  proper  time,  are  more 
effective. 

The  harrow  is  an  efficient  instrument  in  leveling  the  road  just 
as  the  frost  is  going  out,  and  also  in  smoothing  the  road  in  the 
summer  when  the  surface  has  become  rough. 

AU  the  other  devices  or  machines  act  upon  the  same  principle, 
that  of  filling  up  the  ruts  and  depressions  and  working  a  little  earth 
toward  the  center  of  the  road  to  maintain  the  crown  of  the  road 
by  counteracting  the  wash  of  the  rains.  The  timber  or  the  rail- 
road rail  or  the  plank  drag  is  drawn  along  the  road  with  its  length 
nearly  perpendicular  to  the  traveled  way,  but  with  the  end  toward 
the  center  of  the  road  a  little  behind  the  other.  By  changing  the 
angle  of  the   cutting  edge   with   the  line  of  draft,   according  to  the 
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Mr.  Baker,  condition  of  the  road,  enough  earth  is  pushed  along  in  front  to  fill 
the  ruts  and  depressions  and  also  to  work  a  little  toward  the  center 
of  the  road  to  maintain  the  crown.  The  A -drag  is  drawn  over 
the  road  with  the  pointed  end  forward.  Some  prefer  this  form  of 
drag  to  the  split-log  drag;  but  there  is  not  much  difference  either 
way,  and,  as  the  latter  is  more  frequently  used,  it  alone  will  be  de- 
scribed in  detail  here. 


PLAN  OF 
SPLIT-LOG  ROAD  DRAG 


Fig.  3. 

Farmers  in  different  parts  of  the  country,  for  many  years,  have 
used  some  of  these  devices  occasionally  in  smoothing  the  surface  of 
the  earth  roads;  but,  of  all  these,  none  seems  to  have  devised  a  better 
form  of  machine  or  been  more  persistent  and  intelligent  in  its  use, 
or  to  have  been  more  successful  in  interesting  others  in  its  use,  than 
Mr.  D.  Ward  King,  of  Maitland,  Mo.  Mr.  King  devised  what  he 
calls  the  split-log  drag.  A  plan  of  the  split-log  drag  is  shown  in 
Fig.  3,  and  Fig.  4  is  a  perspective  view.  The  drag  may  be  made 
from  a  log  10  or  12  in.  in  diameter  and  from  7  to  9  ft.  long.  A 
light  wood,  like  elm,  is  preferable  to  a  heavy  one,  like  oak.  The 
cross-braces  may  be  round  or  square  sticks  from  3  to  4  in.  in  diameter, 
the  ends  fitting  into  2-in.  auger  holes.  A  board,  not  shown  in  the 
cut,  is  laid  upon  the  cross-pieces  for  the  driver  to  stand  upon.  The 
drag  may  also  be  made  of  two  pieces  of  plank  10  or  12  in.  wide  and 
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from  7  to  9  ft.  long.  The  plank  drag  is  shown  in  Fig.  5.  It  is  wise  Mr.  Baker, 
to  reinforce  the  wide  planks  with  either  a  1  by  6-in.  or  a  2  by  6-in. 
strip,  as  shown  in  Fig.  5.  In  Fig.  5  the  chain  is  shown  as  being 
fastened  on  the  rear  side  of  the  rear  plank,  which  insures  that  the 
front  plank  will  not  be  pulled  off  the  cross-pieces — not  a  very  im- 
portant precaution. 


SPLIT-LOG  ROAD  DRAG 


Fig.  4. 


PLANK  ROAD  DRAG 
Fig.  5. 

The  drag  is  drawn  by  two  horses,  and  its  length  should  be  propor- 
tional to  the  weight  of  the  horses.  A  drag  7  ft.  long  is  about 
right  for  a  team  of  1  200-lb.  horses,  and  one  9  ft.  long  for  two  1  600-lb. 
horses.  The  driver  rides  upon  the  drag,  and  varies  its  effect  by  his 
position  upon  it.  The  drag  does  the  best  work  when  the  soil  is 
moist,  but  not  sticky.  If  the  roadway  is  badly  rutted  and  full  of 
holes,  it  is  well  to  drag  it  when  the  surface  is  slushy. 

The  use  of  the  split-log  drag  improves  the  common  earth  road 
in  three  important  ways:  First,  it  smooths  the  road,  which  facilitates 
the  drainage  of  the  surface  and  also  gives  a  better  surface  to  drive 
upon.     Second,  the  use  of  the  drag  moves  earth  toward  the  center  of 
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Mr.  Baker,  the  road,  thereby  increasing  or  at  least  maintaining  the  crown  of 
the  road,  which  is  necessary  for  good  surface  drainage.  Third,  if 
the  drag  is  used  when  the  surface  is  wet,  the  earth  will  be  puddled, 
and  then,  when  the  sun  shines,  the  earth  will  be  baked — both  of 
which  will  aid  materially  in  making  the  road  hard.  Another  valuable 
result  of  dragging  the  road  when  it  is  wet  is  the  reduction  of  dust, 
for  the  particles  of  clay  cohere  more  tenaciously  and  less  dust  is 
produced. 

The  cost  of  maintaining  earth  roads  varies  with  the  nature  of  the 
soil,  with  the  weather,  and  with  the  degree  of  excellence  attained;  but, 
in  a  number  of  localities,  roads  on  clay  and  on  loam  are  greatly  im- 
proved at  an  expense  of  from  $3  to  $5  per  mile  per  annum,  allowing 
from  30  to  40  cents  per  hour  for  driver  and  team.  The  work  can  be 
done  to  the  best  advantage  by  farmers  who  drag  the  road  adjoining  or 
near  their  own  land,  as  it  frequently  happens  that  there  is  only  a 
comparatively  short  time  when  the  soil  is  in  suitable  condition  for 
dragging.  Fortunately,  the  best  time  to  drag  the  roads  is  when  it  is 
too  wet  to  work  in  the  field. 

Labor  vs.  Money  Taa;.— Road  reformers  usually  grow  eloquent  in 
denouncing  the  labor  tax  system  of  caring  for  the  public  highways, 
and  generally  claim  that  the  common  earth  roads  are  poor  only  because 
of  the  method  of  working  out  the  tax.  A  little  study  of  the  facts  and 
conditions  will  show  that  such  claims  are  wide  of  the  mark. 

The  labor-tax  system  is  regularly  used  in  all  the  States  of  the 
Union  except  five.  In  one  State  at  least  (Illinois)  the  road  tax  may 
be  collected  in  money  or  labor  as  the  township  by  election  may  decide, 
and  a  large  majority  of  the  towns  vote  in  favor  of  the  labor  system. 
The  labor-tax  system  was  inherited  from  England,  and  is  a  survival 
of  the  feudal  method  of  requiring  all  able-bodied  men  to  render  public 
service.  England  and  France  have  a  labor  road-tax,  but  upon  a  much 
less  extensive  scale  than  the  United  States. 

It  is  common  to  assume  that  the  labor-tax  system  is  all  wrong,  and 
that  its  evils  would  be  escaped  by  paying  road  taxes  in  money.  The 
labor  tax  has  inherent  disadvantages,  but  many  of  the  defects  charged 
to  it  belong  rather  to  defective  administration  and  to  the  system  that 
leaves  the  control  of  the  public  highways  to  a  small  locally-governed 
community.  Public  work  is  seldom  done  as  economically  as  private 
work. 

The  objections  to  the  labor-tax  system  are:  1.  The  labor  is  in- 
different and  inefficient.  2.  It  is  impossible  to  get  the  work  done  at 
the  most  suitable  time.  3.  The  system  allows  no  selection  of  the 
laborer.     All  of  these  are  important  considerations. 

The  reply  to  the  above  objections  is  usually  about  as  follows :  1. 
The  farmer  is  willing  to  pay  more  in  labor  than  in  money,  which 
compensates    in    part,    at    least,    for    the    objections    to    the    labor-tax 
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system.  This  preference  is  not  peculiar  to  the  American  farmer.  In  Mr.  Baker. 
France,  if  the  road  tax  is  paid  in  money,  a  reduction  of  from  40  to 
50%  is  made;  but  still  60%  of  the  people  prefer  to  pay  in  labor. 
Farmers  not  infrequently  give  more,  both  in  labor  and  money,  than 
is  exacted  as  road  taxes,  because  they  are  interested  in  better  roads. 
2.  In  many  rural  communities  it  is  impossible  to  secure  anyone  to  do 
road  work  at  reasonable  wages  at  the  most  suitable  season.  3.  If  the 
tax  were  paid  in  money,  there  is  no  certainty  that  the  labor  would 
be  any  more  efficient.  Streets  are  maintained  under  the  cash-tax 
system,  but  the  labor  is  not  ideally  efficient.  The  authority  that  vir- 
tually wastes  the  labor  tax  will  probably  also  waste  the  cash  tax. 

The  labor  tax  is  not  necessarily  the  cause  of  inferior  roads,  nor 
the  cash-tax  system  in  itself  the  cause  of  improved  roads.  Townships 
under  the  labor-tax  system  often  have  better  roads  than  adjoining 
townships  under  the  cash-tax  system.  The  one  thing  absolutely  neces- 
sary for  successful  road  management  is  effective  supervision  of  the 
work.  Without  it,  neither  system  will  accomplish  much,  and,  with  it, 
either  system  will  do  reasonably  well. 

Many  townships  have  changed  from  the  labor-tax  system  to  the 
cash-tax  system  with  a  marked  improvement  in  the  condition  of  the 
roads — due  chiefly,  if  not  wholly,  to  better  administration.  For  in 
many  of  these  cases  the  so-called  cash-tax  system  is  practically  only 
a  change  in  the  method  of  administering  the  labor-tax  system,  since 
farmers  desiring  to  do  so  are  given  an  opportunity  to  work  out  their 
road  taxes  under  the  cash  system.  Under  the  labor-tax  system  those 
working  upon  the  roads  receive  credit  on  their  road  taxes,  while  in  the 
so-called  cash  system  the  laborer  receives  an  order  which  is  accepted  as 
cash  in  paying  taxes.  In  these  cases  the  public  sentiment  that  de- 
manded road  improvement  secured  the  change  from  the  labor  tax  to 
the  cash  tax;  and,  consciously  or  unconsciously,  also  secured  a  more 
efficient  road  administration. 

Maintenance  hy  Contract. — In  view  of  the  ordinarily  inefficient 
system  of  caring  for  roads,  it  has  frequently  been  proposed  to  maintain 
them  by  contract.  As  a  rule,  work  done  under  the  supervision  of  a 
contractor  who  has  pecuniary  interest  in  the  result  is  more  economical 
than  that  performed  under  the  direction  of  a  public  official;  but  it  is 
not  wise  to  do  work  by  contract  unless  the  amount  required  can  be 
approximately  known  beforehand,  and  also  unless  the  character  of  the 
performance  can  be  easily  determined  after  completion.  Neither  of 
these  important  conditions  would  be  present  in  a  contract  for  the 
maintenance  of  a  public  highway.  Owing  to  the  indefiniteness  as  to 
the  amount  and  character  of  the  work  to  be  done,  it  is  not  at  all  certain 
that  the  maintenance  could  be  provided  for  by  contract  for  a  sum  less 
than  the  public  officials  could  do  the  work  under  the  present  system. 
The    inspection   would   finally   depend   on   the   road    official,    and    the 
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Mr.  Baker,  letting   of   a   contract   would   increase   the   difficulties   and   expense   of 
supervision. 

Under  the  present  system,  those  who  perform  the  road  labor  have 
an  interest  in  the  resulting  condition  of  the  roads,  while  the  con- 
tractor would  be  interested  only  in  doing  the  work  for  the  least  money ; 
and  therefore  the  roads  would  probably  be  worse  under  the  contract 
system  than  under  the  present  system. 

It  is  claimed  that  the  contractor  could  maintain  a  trained  corps, 
and  therefore  do  better  work  than  can  be  obtained  by  the  present 
system.  This  would  possibly  be  true  if  the  amount  of  work  to  be  done 
were  sufficiently  great;  but  statistics  show  that  the  amount  expended 
upon  earth  roads  is  only  $40  or  $50  per  annum,  and  a  large  part  of 
this  is  for  bridges,  which  are  built  by  contract,  and  a  considerable 
part  of  the  remainder  is  for  tile  and  lumber  for  bridge  floors,  culverts, 
etc.,  while  an  additional  sum  is  paid  for  laying  tile  and  for  dredged 
outlets,  both  of  which  usually  represent  contract  work.  Thus  the 
amount  remaining  to  be  spent  for  the  care  of  the  traveled  way  and  of 
the  roadside  is  quite  small;  and  therefore  the  ordinary  expenditure 
for  the  care  of  earth  roads  is  too  small  to  justify  maintaining  a  corps 
of  expert  road  workmen.  Further,  leaving  the  road  work  to  a  com- 
paratively few  trained  attendants  would  result  in  a  great  waste  of 
time  in  traveling  to  and  from  the  work.  Again,  the  attendant  would 
have  so  many  miles  of  road  under  his  care  that  he  could  visit  any 
particular  piece  only  at  long  intervals,  and  therefore  could  not  do  the 
work  at  the  most  favorable  time,  and  could  not  become  intimately  ac- 
quainted with  the  road — conditions  absolutely  necessary  for  proper 
maintenance.  These  objections  have  less  force  as  road  expenditures 
increase,  and  as  the  money  is  concentrated  on  a  comparatively  few 
roads.  Finally,  a  large  proportion  of  the  roads  have  an  earth  or 
gravel  surface,  and  the  labor  required  for  their  care  is  similar  to  that 
with  which  the  farmer  is  familiar;  and  therefore  he  is  not  lacking  in 
the  skill  required  in  maintaining  them.  The  farmer  who  travels  a 
particular  road  frequently  and  in  all  kinds  of  weather  has  a  more 
intimate  knowledge  of  it  than  the  man  who  sees  it  only  occasionally; 
and  therefore,  for  this  reason,  the  farmer  is  best  able  to  care  for  the 
road.  Besides,  the  farmer  uses  the  road  more  than  anybody  else,  and 
he  alone  pays  for  it. 

The  system  of  employing  a  man  to  give  his  entire  time  to  the 
road  is  almost  a  necessity  with  first-class  broken-stone  roads,  the  main- 
tenance of  which  requires  intimate  knowledge  and  constant  attention, 
but  the  system  is  not  applicable  to  earth  roads. 

Real  DifficuUies. — One  of  the  most  serious  difficulties  in  the  way  of 
better  earth  roads  is  that  the  administration  of  road  affairs  is  in  the 
control  of  officers  who  are  changed  frequently  and  who  devote  only  a 
small  part  of  their  time  to  the  roads;  and  it  is  not  clear  that  this  diffi- 
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culty  can  be  overcome.  It  has  been  proposed  to  commit  the  general  over-  Mr.  Baker, 
sight  of  tlie  roads  to  a  county  superintendent,  much  as  the  schools  now 
are;  but  this  plan  is  not  very  promising.  The  county  superintendent  of 
schools  can  hold  examinations  to  determine  the  fitness  of  teachers; 
but  a  county  superintendent  of  roads  could  not  use  such  a  method  to 
control  the  efficiency  of  road  workers.  The  county  superintendent  of 
schools  can  visit  each  teacher  while  at  work,  but  a  county  superin- 
tendent of  roads  could  hardly  expect  to  do  correspondingly  for  the 
road  workers.  A  county  superintendent  of  roads  could  render  valuable 
public  service  in  inspecting  highway  bridges  and  in  preparing  plans 
and  letting  contracts  for  new  ones;  and  possibly  might  do  something 
by  holding  public  meetings  for  instruction  in  and  discussion  of  road 
work,  but  it  is  not  sure  that  the  farmers  could  or  would  attend,  and 
besides  this  function  is  already  performed  by  the  usual  farmer's 
institute. 

Another  difficulty  in  the  way  of  any  great  improvement  of  the 
common  roads  is  that  much  of  the  richest  agricultural  land — that 
which  needs  better  roads  most  and  which  is  most  able  to  pay  for 
them — is  held  by  non-resident  owners;  and  the  men  who  have  opened 
farms  and  brought  them  to  a  high  degree  of  cultivation  are  leaving 
them  and  moving  to  the  nearby  small  town  or  more  remote  city.  The 
non-resident  owner  is  not  usually  interested  in  the  improvement  of 
general  conditions  that  do  not  bring  him  immediate  financial  returns; 
and  the  removal  of  the  land  owner  lowers  the  general  intellectual 
average  of  the  rural  community. 

With  the  increasing  introduction  of  agricultural  machinery,  the 
farms  have  been  growing  larger  and  larger  and  the  number  of  resi- 
dents in  the  country  has  been  growing  smaller  and  smaller,  and  conse- 
quently there  are  fewer  people  to  be  benefited  by  improved  roads. 

Signs  of  Promise  for  the  Future. — Within  the  last  few  years  the 
extravagant  advocacy  of  hard  roads  has  nearly  ceased,  and,  almost 
coincident  therewith,  attention  has  been  directed  to  the  improvement  of 
the  earth  road.  This  subject  is  considered  at  nearly  every  farmer's 
institute,  and  is  treated  in  editorials  and  correspondence  in  the  agri- 
cultural newspapers.  Several  of  the  States  have  State  Highway  Com- 
missions which  are  devoting  much  time  and  money  to  experiments,  to 
public  addresses,  and  to  the  preparation  and  circulation  of  literature 
on  the  earth  road. 

Good  roads  add  to  the  social,  educational,  and  intellectual  wel- 
fare of  the  rural  community,  facilitate  freedom  of  intercourse  between 
the  dwellers  on  the  farms  and  in  the  cities,  and  thereby  contribute  to 
the  progress  and  stability  of  the  country.  Therefore,  all  should  be 
willing  to  do  all  they  can  to  help  along  the  improvement  in  this  line. 

Arthur  H.  Blanchard,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — It  was  Mr.  Bianchard. 
the  original  intention  of  the  writer  to  present,  as  a  closing  discussion,  a 
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Mr.  Blanchard.  review  of  American  and  European  practice  covering  the  maintenance 
of  macadam  roads  subjected  to  excessive  motor-car  traffic.  Since  the 
Denver  Convention,  however,  two  reviews  have  been  published  in  book 
form:  one  by  "William  P.  Judson,  M.  Am.  Soc.  C.  E.,  entitled  "Road 
Preservation  and  Dust  Prevention,"  and  the  other  by  Prevost  Hubbard, 
Assistant  Chemist,  TJnited  States  Office  of  Public  Roads,  entitled 
"Diist  Preventives."  The  writer,  therefore,  will  conclude  with  a  reply 
to  the  query  of  Mr.  Nelson  P.  Lewis  relative  to  the  maintenance  of 
bituminous  macadam,  and  a  description  of  the  bituminous  macadam 
work  completed  on  the  East  Providence  contract  since  June,  1908. 

Although  it  has  not  been  necessary  to  repair  any  of  the  sections  of 
bituminous  macadam  constructed  in  Rhode  Island,  the  writer  believes 
that  satisfactory  repairs  can  be  made  by  filling  any  holes  which  may 
occur  with  tarred  stone  of  a  size  depending  upon  the  dimensions  of  the 
hole,  coating  the  surface  with  hot  asphalt  having  a  melting  point 
between  140°  and  180°  fahr.,  and  finally  covering  with  chips  varying  in 
size  from  i  to  J  in.  in  diameter,  which  should  be  rolled  or  thoroughly 
tamped. 

The  bituminous  macadam  built  since  June,  1908,  has  been  con- 
structed in  accordance  with  the  following  agreement  and  specifications, 
which  were  compiled  by  Henry  B.  Drowne,  Assoc.  M.  Am.  Soc.  C.  E., 
in  conjunction  with  the  writer.  The  contracts  were  awarded  on  the 
basis  of  the  construction  of  an  ordinary  macadam  road,  in  accordance 
with  the  Standard  Specifications  of  the  State  Board  of  Public  Roads: 

State  of  Rhode  Island  and  Providence  Plantations. 


State  Board  of  Public  Roads. 


Agreement  and  Specifications 
For  Extra  Work,  on  Account  of  Constriiction  of  Bituminous  Macadam 

Surface  on  a  Section  of  State  Highway  in  the  Town  of 

,  County  of ,  State  of  Rhode  Island. 

This  Agreement,  made  and  entered  into  this of 

,  one  thousand  nine  hundred  and ,  by  and 

between  the  State  of  Rhode  Island  by  the  State  Board  of  Public  Roads, 

party  of  the  first  part,  and , 

party  of  the  second  part ; 

WITNESSETH,  that  the  said  party  of  the  second  part  agrees  with 
the  said  party  of  the  first  part  to  do  all  the  work  and  furnish  all  the 
material  (not  herein  agreed  to  be  furnished  by  the  party  of  the  first 
part)  to  construct  and  complete  ready  for  use  the  bituminous  surface 

on  a  section  of  State  Highway  in  the  Town  of , 

County  of ,  State  of  Rhode  Island,  in  accordance 

with  and  as  described  in  the  specifications  herein  contained,  and  in  full 
accordance  with  the  terms  of  this  agreement : 

That  the  said  party  of  the  second  part   further   agrees   with   the 
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said  party  of  the  first  part  to  furnish  hibor  in  such  quantities  as  may  Mr.  uianchard. 
be  desired  by  the  engineer  at  tlie  following  prices: 

Common    laborer at  per  hour, 

Labor  competent  to  work  and  handle 

bituminous    products at  per  hour, 

Single  team  and  driver at  per  hour. 

Double  team  and  driver at  per  hour. 

That  the  said  party  of  the  second  part  further  agrees  with  the  said 
party  of  the  first  part  to  deduct  from  the  total  labor  cost  of  each  gang 
engaged  in  the  laying  of  the  stone  mixed  w'ith  the  bituminous  com- 
pound for  each  10-hour  day,  or  its  equivalent : 

1  common  laborer,  10  hours at  per  hour, 

1  watering   cart  hours at  per  hour. 

That  the  said  party  of  the  first  part  agrees  to  pay  the  said  party 
of  the  second  part  the  costs  of  labor  at  aforesaid  prices  on  the  extra 
work  directly  connected  with  laying  the  bituminous  macadam  surface, 
plus  15  per  cent. 

That  the  said  party  of  the  second  part  further  agrees  with  the 
said  party  of  the  first  part  to  furnish  tar  kettles  and  accessories, 
including  rakes,  shovels,  dippers,  mixing  boards,  axes,  brooms,  pails, 
etc.,  and  the  said  party  of  the  first  part  agrees  to  pay  the  said  party 

of  the  second  part  for  the  use  of  aforesaid  utensils cents  per 

day  for  each  kettle  actually  used  when  the  bituminous  surface  is 
being  laid. 

That  the  said  party  of  the  second  part  agrees  with  the  said  party  of 
the  first  part  to  furnish  cord  wood  at per  cord. 

That  the  said  party  of  the  first  part  agrees  with  the  said  party  of  the 
second  part  to  furnish  all  the  bituminous  material. 

That  it  is  mutually  agreed  that  the  party  of  the  first  part  reserves 
the  right  to  change  at  any  time  the  method  of  construction;  the 
bituminous  compound ;  to  require  that  the  stone  and  bituminous  com- 
pound shall  either  be  mixed  by  hand  or  machine;  to  require  that  the 
stone  shall  be  heated.  The  said  party  of  the  first  part  to  supply  the 
machines  or  driers  if  used. 

In  witness  whereof,  the  parties  to  these  presents  have  hereunto  set 
their  hands  the  year  and  date  first  above  written. 


State  of  Rhode  Island  and  Providence  Plantations. 


State  Board  of  Public  Eoads. 


Specifications  for  Bituminous  Macadam. 

These  specifications  are  supplementary  to  and  an  integral  part  of 
the  Standard  Specifications,  of  the  State  Board  of  Public  Roads,  for 
macadam  roads,  and  in  no  way  replace  them,  except  in  so  far  as  the 
construction  of  the  No.  2  course  and  finished  surface  is  concerned. 

Plant. — The  roller  used  in  rolling  the  bituminous  macadam  surface 
shall  not  weigh  more  than  10  tons. 

The  kettles  shall  be  of  such  shape  and  size  that  they  can  be  easily 
transported  by  hand  from  point  to  point.     No  kettle,  however,  shall  be 
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Mr.  Blanchard.  used  that  will  not  hold  2  bbl.  of  tar,  except  by  special  permission  of  the 
engineer. 

Wlien  mixing  on  the  road,  a  mixing  board  shall  be  provided  for 
each  gang  so  engaged.  The  mixing  board  shall  be  made  of  2-in.  plank, 
16  ft.  long,  in  two  sections  each  4  ft.  wide. 

Bituminous  Compounds. — Coal-tar  shall  be  placed  in  the  kettles  so 
that  the  depth  of  tar  is  not  more  than  18  in.,  unless  otherwise  directed 
by  the  engineer.  Water  in  the  tar  shall  be  caught  when  the  tar  is 
being  run  into  the  kettle.  If  any  rises  to  the  surface  of  the  tar  in  the 
kettle  it  shall  be  skimmed  off.  When  tar  is  the  only  bituminoi;s  com- 
pound used,  it  shall  be  heated  for  2  hours  at  a  temperature  between 
150°  and  180°  fahr.,  then  raised  to  at  least  200°  before  using. 

Kettles  shall  be  placed  so  that  hot  tar  will  not  have  to  be  carried 
more  than  50  ft.  " 

In  storing  tar,  barrels  shall  be  laid  on  their  sides  with  the 
bungs  up. 

Asphalt  shall  be  placed  in  the  kettles  in  such  quantities  as  may  be 
desired,  and  brought  to  a  heat  of  350°  fahr.  before  using. 

When  the  bituminous  compound  consists  of  tar  and  asphalt  mixed 
half  and  half,  the  tar  shall  be  heated  in  one  kettle  and  the  asphalt  in 
another.  The  tar  shall  be  brought  to  200°  fahr.  before  using;  the 
asphalt  to  350°  fahr.  before  using.  In  mixing  by  hand  the  tar  shall  be 
placed  on  the  stones  before  the  asphalt. 

Stone. — The  No.  2  stone  must  be  dry  and  free  from  dust.  No 
No.  1  stone  will  be  allowed  in  the  No.  2  course. 

No  work  shall  be  done  when  the  No.  1  course  is  wet.  The  work 
shall  not  be  resumed  until  the  stone  has  dried  out  to  the  satisfaction 
of  the  inspector. 

Mixing  Bituminous  Compound. — The  bituminous  compound  shall 
be  mixed  with  the  stone  either  by  hand  or  by  machine  until  the  stone 
is  thoroughly  coated  to  the  satisfaction  of  the  engineer  or  inspector. 
One  and  one-ouarter  gallons  of  bituminous  compound  shall  be  used 
per  square  yard  of  surface,  unless  otherwise  directed  by  the  engineer. 

The  No.  2  stone  shall  be  laid  to  a  thickness  of  3  in.  and  rolled 
to  2  in. 

The  No.  2  course  shall  be  rolled  as  directed  by  the  engineer  or 
inspector. 

Painting. — After  the  surface  has  been  thoroughly  rolled  and  shaped 
up,  to  the  satisfaction  of  the  engineer  or  inspector,  the  surface  shall  be 
swept  clean.  The  bituminous  compound  shall  then  be  spread  on  the 
surface  either  by  brooms  or  mops.  Six-tenths  of  a  gallon  of  the 
bituminous  compound  shall  be  used  per  square  yard  of  surface,  unless 
otherwise  directed  by  the  engineer. 

Dust. — Dust  screenings  shall  be  perfectly  dry. 

Dust  screenings  shall  be  put  on  to  a  thickness  not  exceeding  J  in., 
unless  otherwise  directed  by  the  engineer  or  inspector. 

No  dust  shall  be  put  on  until  the  surface  has  set  to  the  satisfaction 
of  the  engineer  or  inspector. 

When  the  surface  is  required  to  be  painted,  the  dust  screenings 
shall  be  put  on  immediately  after  the  flush  coat  of  bituminous  com- 
pound has  been  applied. 
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The    surface    shall    be    rolled    as    directed    by    the    engineer    or  Mr.  Blanchard. 
inspector. 


The  section  of  State  Koad  in  the  Town  of  East  Providence  referred 

to  in  the  opening  discussion  was  built  by  the  mixing  method  with  the 
bituminous  mixture  omitted  from  the  surface  of  the  No.  1  course. 
In  the  construction  of  this  work,  which  was  11  870  ft.  in  length,  various 
bituminous  mixtures  were  used  to  meet  conditions  as  they  arose. 
The  grading  required  for  the  formation  of  the  gravel  subgrade  was 
light,  throughout  the  entire  length  of  the  road,  varying  from  a  cut  of 
5  in.  to  a  fill  of  7  in.  The  broken  stone  used  was  a  mixture  of 
chlorite  gneiss  and  indurated  sandstone. 

From  Sta.  0  to  Sta.  1950  on  the  first  mile.  Providence  gas-house  tar 
was  used  as  the  binding  material.  Between  the  stations  mentioned 
the  grade  varied  from  a  minimum  of  0.36%  to  a  maximum  of  2.30 
per  cent.  This  section  was  constructed  during  June  and  July,  the 
temperature  varying  from  55°  to  95°,  the  average  being  70°  during 
working  hours.  The  tar  used  was  purchased  from  the  Providence 
Gas- Works,  and  cost  at  the  works  $2.50  per  bbl.  The  cost  of  the 
barrel  per  shipment  of  tar  was  $0.08,  based  on  the  cost  of  coopering 
and  depreciation,  as  the  State  Board  purchased  a  large  number  of 
barrels  at  the  opening  of  the  construction  season.  Loading  and  hauling 
full  barrels  and  reloading  and  hauling  empty  barrels  a  distance  of 
five  miles  cost  $0.30  per  bbl.  The  total  cost  of  the  tar,  therefore,  was 
$2.88  per  bbl.  The  mixing  and  spreading  gang  included  two  tar  men 
at  $2.00  per  day  of  10  hours,  and  four  common  laborers  at  $1.50  per 
day.  The  cost  of  the  labor,  including  15%  profit  for  the  contractor, 
and  based  on  an  average  rate  of  progress  of  250  sq.  yd.  per  day,  was 
$0,039  per  sq.  yd.  The  wages  of  one  common  laborer  who  would  have 
been  employed  on  the  No.  2  course  if  an  ordinary  macadam  road  had 
been  constructed,  was  deducted,  as  per  agreement,  from  the  labor  cost. 
The  cost  of  accessories,  which  included  rent  of  kettles,  etc.,  and  cost 
of  cord  wood,  was  $0,009  per  sq.  yd.  The  cost  of  watering,  to  lay  the 
dust  on  the  car  tracks  adjacent  to  the  road,  was  $0,006  per  sq.  yd.  The 
cost  of  the  tar,  at  1.25  gal.  per  sq.  yd.,  was  $0,072.  The  rebate  accruing, 
as  per  agreement,  by  not  using  a  watering  cart  on  the  construction  of 
the  macadam  surface,  was  $0,004  per  sq.  yd.  The  total  cost  of  the 
tar-macadam,  in  excess  of  the  cost  of  ordinary  macadam,  therefore, 
was  $0,122. 

Although  great  care  was  exercised  in  watering,  considerable  dust, 
raised  by  car  and  other  traffic  on  double  tracks  adjacent  to  the  road, 
collected  on  the  surface  of  the  No.  2  course  before  it  could  be  rolled 
and  covered  with  screenings.  The  natural  result  was  that  the  bond 
between  the  screenings  and  the  No.  2  course  was  not  as  good  as  in  the 
case  of  the  tar-macadam  in  Charlestown  and  Narragansett.  As  the 
East  Providence   road   is   subjected  to   a  heavy  motor-car  traffic,   and 
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Mr.  Blanchard.  also  to  an  unusually  heavy  horse-drawn  vehicle  traffic,  it  was  decided, 
from  the  standpoint  of  insurance  against  disintegration,  to  seal  the 
surface  by  painting  the  No.  2  course  just  before  the  application  of  the 
screenings.  The  result  has  been  very  satisfactory,  and,  it  is  believed, 
has  justified  the  additional  expense.  The  cost  of  tar,  at  0.6  gal.  per 
sq.  yd.,  was  $0,035.  One  tar  man  at  $2.00  per  day  of  10  hours,  and  one 
common  laborer  at  $1.50  per  day,  constituted  the  force.  As  an  average 
of  390  sq.  yd.  was  painted  per  day,  the  cost  of  the  labor,  including  15% 
profit  for  the  contractor,  was  $0.01  per  sq.  yd.  The  cost  of  accessories, 
including  kettles,  dippers,  pails,  brooms,  and  fuel,  was  $0,004  per  sq.  yd. 
The  total  cost  of  painting  with  tar  was  $0,049  per  sq.  yd.  Hence  the 
total  cost  of  the  tar-macadam  painted  with  tar,  above  the  cost  of 
ordinary  macadam,  was  $0,171  per  sq.  yd.  The  above  form  of  con- 
struction was  used  from  Sta.  1950  to  Sta.  2350. 

A  short  distance  beyond  Sta.  2350,  the  road  was  narrow,  leaving 
room  for  only  one  car  track,  whereas,  up  to  this  point,  double  tracks 
on  one  side  of  the  road  carried  the  heavy  car  traffic  to  summer  colonies 
and  to  three  amusement  resorts.  When  the  road  widened  out  again,  at 
Sta.  3500,  the  traffic  was  carried  by  two  tracks,  one  on  each  side  of  the 
road.  As  it  was  impossible  to  close  the  highway  to  motor  and  other 
traffic,  it  was  evident,  due  to  the  above  arrangement  of  tracks,  that  the 
bituminous  macadam  would  be  subjected  to  more  or  less  traffic  before 
it  set  up.  Due  to  these  conditions  and  to  the  fact  that  the  asphalt-tar- 
macadam  constructed  as  an  experiment  in  Narragansett  was  giving 
excellent  service,  it  was  deemed  advisable  to  adopt  a  bituminous  binder 
of  50%  Texaco  asphalt.  Grade  J,  and  50%  tar,  which  would  accelerate 
the  setting  of  the  bituminous  macadam  and  permit  rolling  within  12 
to  24  hours.  The  asphalt-tar-macadam  was  used  from  Sta.  2350  on  the 
first  mile  to  Sta.  400  on  the  second  mile,  and  from  Sta.  1625  to  Sta. 
3238  on  the  second  mile.  On  these  sections  the  grade  varied  from  a 
minimum  of  0.12%  to  a  maximum  of  2.40  per  cent.  The  work  was 
done  in  July  to  October,  the  temperature  varying  from  31°  to  89°, 
the  average  during  working  hours  being  about  60  degrees.  The  asphalt 
cost  $2.66  per  package  of  40  gal.  at  the  Providence  plant  of  the  Texas 
Company.  The  cost  of  loading  and  haiiling  a  distance  of  5  miles  was 
$0.25  per  package,  making  the  total  cost  $2.91.  As  the  total  amount 
of  bituminous  material  used  in  the  mixing  was  1.25  gal.  per  sq,  yd., 
and  as  50%  of  asphalt  and  50%  of  tar  were  used,  the  cost  of  the 
asphalt  was  $0,046  per  sq.  yd.,  while  the  cost  of  the  tar  was  $0,036. 
The  mixing  and  spreading  gang  included  two  tar  men  at  $2.00  per 
day  of  10  hours,  and  five  common  laborers  at  $1.50  per  day.  Due  to  the 
fact  that  asphalt  is  more  difficult  to  handle  and  sets  more  quickly  than 
tar,  the  rate  of  progress  per  day  was  slower,  averaging  200  sq.  yd.  The 
cost  of  the  labor,  therefore,  was  $0,058  per  sq.  yd.  The  cost  of 
accessories   was  $0,009,   the   cost   of   watering   to    allay   the   dust   was 
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$0,006,  and  the  rebate  on  watering  was  $0,005  per  sq.  yd.  The  total  Mr.  Bianciiard, 
excess  cost  of  the  asphalt-tar-macadam,  without  the  surface  coat,  was 
$0.15  per  sq.  yd.  The  complete  excess  cost,  including  the  surface  coat 
of  0.(j  gal.  of  tar,  was  $0,199  per  sq.  yd.  As  an  experiment,  the  surface 
coat  of  tar  was  omitted  for  a  section  of  100  ft.  Also,  as  an  experiment, 
a  section  of  about  200  ft.  was  painted  with  Texaco  asphalt,  Grade  J, 
in  place  of  tar.  It  was  found  that  0.6  gal.  of  asphalt  would  cover  1 
sq.  yd.,  hence,  the  cost  of  the  bituminous  material  was  $0,044  per 
sq.  yd.  As  the  same  number  of  yards  were  painted  per  day  as  when 
tar  was  used,  the  cost  of  labor,  etc.,  was  the  same,  the  total  cost,  there- 
fore, was  $0,058  per  sq.  yd.,  making  the  total  cost  of  the  asphalt-tar- 
macadam,  painted  with  asphalt,  $0,208  per  sq.  yd. 

The  approach  of  cold  weather  necessitated  another  change  in  the 
bituminous  material  used.  It  was  found  to  be  practically  impossible 
to  coat  the  stone  thoroughly,  using  asphalt  and  tar  as  described  above. 
Due  to  this  fact,  and  also  because  motor,  horse-drawn  vehicle,  and  car 
traffic  had  fallen  ofi  50%,  it  was  decided  to  use  tar  as  the  bituminous 
material  in  mixing  the  No.  2  course,  and  Texaco  asphalt.  Grade  H,  for 
painting  the  surface.  The  cost  of  the  tar-macadam,  omitting  the  sur- 
face coat,  was  the  same  as  described  above,  namely,  $0,122  per  sq.  yd. 
As  the  Grade  H  asphalt  cost  $2.94  per  package  at  the  plant,  and  loading 
and  hauling  cost  $0.25  per  package,  the  total  cost  was  $3.19  per  package. 
The  cost  of  0.6  gal.  used  per  square  yard,  therefore,  was  $0,048,  making 
the  total  cost  of  the  painting  $0,062  per  sq.  yd.  The  total  cost  of  the 
bituminous  macadam,  therefore,  was  $0,184  per  sq.  yd. 

From  Sta.  400  to  Sta.  1625  on  the  second  mile,  an  experimental 
section  was  built,  using  Providence  Gas- Works  tar  and  Genasco  Road- 
Compound  Base,  furnished,  without  expense  to  the  Board,  by  the  Bar- 
ber Asphalt  Paving  Company.  These  materials  were  used  in  the  propor- 
tion of  25%  Genasco  Base  and  75%  tar.  The  method  of  construction 
was  similar  to  the  methods  already  described,  the  surface  being  painted 
with  tar. 

Judging  from  experience  acquired  during  the  construction  of 
bituminous  macadam  in  Rhode  Island  in  1906,  1907  and  1908,  it  is 
apparent  to  the  writer  that  the  field  of  experimentation  for  the  season 
of  1909  should  include  the  development  of  economical  mixing  ma- 
chinery, the  determination  of  the  economics  and  efficiency  of  heated 
stone,  and  more  complete  laboratory  and  field  analyses  of  bituminous 
materials. 
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With   Discussion   by   Messrs.   E.   C.   Murphy,   Edwin   Duryea,   Jr., 
H.  L.  Haehl  and  a.  C.  Toll,  A,  G.  McAdie,  and  C.  E.  Grunsky. 


In  1903  a  study  of  the  availability,  as  water  producers,  of  a  num- 
ber of  water-sheds  near  San  Francisco,  California,  made  an  analysis 
of  rainfall  and  run-ofE  conditions  necessary.  Studies  were  made  of 
the  distribution  of  rain  throughout  that  part  of  the  Coast  Range 
lying  between  the  latitudes  of  Santa  Cruz  and  San  Erancisco,  and 
extending  eastward  from  the  Pacific  Ocean  to  the  westerly  edge  of  the 
San  Joaquin  Valley.  The  result  of  these  studies  is  shown  on  the 
map,  Plate  LIX.  Thereupon,  a  computation  was  made  of  the  water 
production  in  three  basins  tributary  to  the  three  peninsula  reservoirs 
of  the  Spring  Valley  Water  Company,  which  furnish  water  for  San 
Erancisco.  The  records  of  the  water  yield  of  these  three  storage 
reservoirs,  Pilarcitos  (elevation  680  ft.),  San  Andreas  (435  ft.),  and 
the  Crystal  Springs  (280  ft.),  are  more  than  ordinarily  reliable,  and, 
fortunately,  cover  a  long  time-period.  Ever  since  these  reservoirs  or 
any  of  them  have  been  in  service  (1865)  Mr.  Hermann  Schussler  has 
been  the  Chief  Engineer  for  the  Spring  Valley  Water  Company,  and 
his  records  of  water  consumption  from  each  reservoir,  and  of  the  stage 
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of  water  in  each,  have  been  used  in  estimating  the  annual  water  pro- 
duction of  the  three  drainage  basins. 

A  comparison  of  the  annual  water  yield  of  the  several  basins  with 
the  annual  rainfall  furnished  reliable  data  on  which  to  base  general 
conclusions  relating  to  run-oflf  in  Coast  Range  areas.  By  drawing 
upon  other  information,  as  will  be  explained  hereinafter,  applying  to 
larger  and  higher  mountain  areas,  it  was  also  possible  to  forecast 
run-off  quantities  for  such  regions  as  the  Sierra  Nevada  Mountains. 
The  results  of  these  studies  and  the  method  of  utilizing  the  available 
records,  should  prove  of  interest  to  engineers  who  have  to  deal  with 
similar  problems. 

Rain  does  not  fall  in  California  in  every  month  of  the  year,  as  in  the 
Eastern  States.  The  rainy  season  begins  in  November  and  ends  in 
April.  So  little  rain  falls  from  May  1st  to  the  end  of  October  that 
this  period  may  be  called  rainless.  There  is  no  rain  during  this  period 
v/hich  has  any  effect  worthy  of  note  upon  the  flow  of  streams. 

Throughout  the  State,  however,  there  is  great  variation  in  the 
normal  annual  rainfall,  and,  in  the  coast  and  central  valleys,  this  is 
generally  from  15  to  30  in.  It  rises  to  more  than  70  in.  in  the  Sierra 
Nevada  Mountains,  150  miles  northeasterly  from  San  Francisco,  and 
to  more  than  90  in.  in  the  extreme  northwesterly  portions  of  the  State; 
it  is  only  10  in.  at  some  points  of  Sacramento  Valley,  and  less  than 
6  in.  in  parts  of  San  Joaquin  Valley;  it  drops  to  only  2  to  3  in.  in  the 
Cahuilla  (Salton)  Basin.  One  feature,  however,  is  especially  note- 
worthy. The  rain  storm  is  ordinarily  an  atmospheric  disturbance  of 
large  extent.  It  is  not  of  the  same  nature  as  eastern  thunder  storms, 
but  is  of  the  general  type  of  winter  storms  which,  in  the  East  as  in 
the  West,  sweep  over  vast  areas.  Owing  to  the  wide  distribution  of 
rain  in  ordinary  rain  storms,  and  to  the  freedom  from  local  storms, 
the  rainfall  records  at. single  stations  are  better  indices  of  the  amount 
of  precipitation  on  large  tracts  than  is  ordinarily  the  case  for  records 
of  rain  in  the  East  and  in  the  Middle  West. 

With  a  view  of  illustrating  the  breadth  of  the  storm  area,  it  may 
be  stated  that  the  same  atmospheric  disturbance  which  brings  rain 
to  the  Pacific  Coast  northerly  from  California,  also  brings  rain  to 
(or  threatens  with  rain)  all  northern  and  central  parts  of  California 
as  far  south  as  Tehachapi,  where  a  mountain  spur  connects  the  Coast 
Range  with  the  Sierra  Nevada  Mountains.    As  a  rule,  the  greater  the 
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fall  of  rain  at  central  points  of  this  storm  area  the  greater  the  surface 
extent  of  any  cyclonic  disturbance.  The  recurrence  of  rain  storms 
(from  six  to  twenty  in  a  rainy  season  of  6  months)  has  the  usual 
equalizing  effect  of  repetition,  and  thereby  increases  the  probability 
that  the  fall  of  rain  in  the  course  of  a  year,  at  any  point  of  the  central 
and  northern  portions  of  California,  will  bear  a  fairly  uniform  rela- 
tion to  the  rainfall  at  some  central  point  of  observation,  such  as  San 
Francisco  or  Sacramento.  Exceptions  to  such  a  law  are  sure  to  occur, 
and  have  occurred.  A  notable  exception  was  the  rain  distribution  in 
1867-68,  in  which  an  abnormally  heavy  fall  of  rain  in  the  mountain 
region  tributary  to  the  San  Joaquin  Valley  was  not  indicated  by  the 
rainfall  conditions  of  that  year  at  points  in  latitudes  northerly  from 
San  Francisco. 

Among  the  interesting  facts  that  have  come  to  the  attention  of 
those  who  are  familiar  with  the  rainfall  records  in  California  is  the 
following,  which  seems  to  be  true  wherever  the  rainfall  exceeds  10  in. 
per  annum.  The  maximum  annual  rain  at  any  point  is  twice  the 
normal,  and  the  minimum  is  two-fifths  of  the  normal.  (Marsden 
Manson,  M.  Am.  Soc.  C.  E.,  now  City  Engineer  of  San  Francisco,  puts 
the  latter  at  one-third.)  This  relation  of  maxima  and  minima  to  the 
normal  is  of  great  value  in  the  discussion  of  the  water  productiveness 
of  a  region  in  which  there  is  scant  information  obtainable  relating  to 
rainfall. 

One  of  the  early  observations  made  by  the  engineers  who  from 
time  to  time  have  been  consulted  on  the  subject  of  an  adequate  water 
supply  for  San  Francisco  was  the  recurrence  in  succession  of  so-called 
dry  winters,  that  is,  of  rain  years  with  a  fall  of  rain  so  far  below 
normal  as  to  be  classed  as  minimum  years.  Two  such  years  now  and 
then  follow  each  other,  and  there  may  be  a  series  of  years,  up  to  about 
ten,  of  which  none  materially  exceeds  the  normal.  As  the  years  of 
minimum  rainfall  produce  practically  no  run-off  from  areas  near  San 
Francisco,  and  years  of  normal  rainfall  only  a  moderate  amount,  the 
conclusion  was  reached  that  the  storage  capacity  when  compared  with 
the  run-off  from  the  area  tributary  to  a  reservoir  should  be  relatively 
large,  and  that  the  aggregate  storage  capacity  should  be  equivalent  to 
about  900  days'  supply.  This  idea  was  first  set  forth  clearly  by  the 
late  Colonel  G.  H.  Mendell,*  M.  Am.  Soc.  C.  E.    It  applies,  of  course, 

*  San  Francisco  Municipal  Reports,  1876. 
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ouly  as  long  as  deiiendoncc  is  placed  upon  small  near-by  water-pro- 
ducing areas  having  the  character  above  described,  which  are  entirely 
unproductive  in  seasons  of  light  rainfall. 

Probably  the  first  attempt  to  construct  isohyetose  curves  for  the 
entire  State  of  California,  was  made  by  the  writer  in  1886,  under  the 
direction  of  State  Engineer  William  Ham.  Hall,  M.  Am.  See.  C.  E. 
More  than  200  station  records  were  available,  many  being  at  railroad 
stations.  Nearly  all  the  railroad  station  records  dated  from  1870.  It 
was  on  account  of  the  commencement  of  a  majority  of  the  rain  records 
in  that  year  that  the  writer  determined  to  let  the  isohyetose  curves 
represent  the  mean  annual  precipitation  for  the  period  subsequent  to 
1870,  in  fact,  for  the  14  years,  or  rain  seasons,  1870-71  to  1883-84.  All 
records  that  covered  only  a  fraction  of  this  14-year  period  were  cor- 
rected by  comparison  with  one,  two,  or  three  near-by  complete  station 
records.  Thus,  for  example,  if  a  record  at  Station  A  covered  only  the 
last  6  winters  of  Ihe  period,  the  mean  rainfall  for  these  6  years  was 
compared  with  the  rainfall  in  the  same  6  years  at  Stations  B,  C,  and 
D.  The  ratios  established  by  this  comparison  were  then  applied  to 
the  means  for  the  whole  period  at  B,  G,  and  D,  and  gave  three  values 
for  rain  at  A.  These  were  then  averaged  or  combined,  with  unequal 
weights,  as  each  case  seemed  to  require,  to  get  the  most  probable  pre- 
cipitation at  A  for  the  full  period.  The  curves  of  equal  precipitation 
were  then  drawn  in  the  same  way  as  contour  lines.  The  record  for 
the  selected  14  years  was  not  greatly  at  variance  with  the  normal  rain- 
fall. The  resulting  map*  is  subject  to  correction,  however,  particu 
larly  throughout  a  large  extent  of  the  Sierra  Nevada  Mountains, 
where  no  records  of  rain  were  obtainable  at  the  time  it  was  prepared. 

This  study  of  1886  made  it  quite  apparent  that  the  orographic 
features  of  the  State  were  potent  factors  in  modifying  the  rainfall, 
and  were  therefore  material  aids  in  extending  the  rain  curves  over  the 
areas  where  rainfall  records  were  lacking. 

Testimony  can  be  borne,  with  no  small  degree  of  satisfaction,  to 
the  general  reliability  of  the  many  records  of  rainfall  which  have  en- 
tered into  the  special  study  of  1903.  A  careful  examination  of  the 
isohyetose  curves  on  Plate  LIX,  and  a  comparison  of  the  normal 
rain,   which  they  indicate,   with  the  individual   station   records   will 

*  Published  in  Irrigation  Development,  Part  II.  Irrigation  in  California.  William  H. 
Hall,  State  Engineer.  1886. 
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show,  not  only  that  the  curves  did  not  have  to  be  forced,  that  they 
faU  naturally  into  the  positions  assigned  to  each,  but  also  that  there 
are  only  two  station  records — at  Coyote  and  at  Morganhill — which, 
when  expanded  from  4  years  to  the  54-year  period,  do  not  fit  in  with 
records  at  other  near-by  stations  nor  with  the  isohyetose  curves. 

It  may  be  stated  as  a  general  proposition  that  station  records 
should  be  accepted  as  representing  correctly  what  has  happened  at  the 
point  of  observation,  and  that  records  which  do  not  harmonize  with 
the  supposed  facts  should  be  discarded  only  when  there  is  corroborative 
evidence  of  their  unreliability.  This  is  particularly  true  of  all  ob- 
servations conducted  under  the  direction  of  the  United  States  Weather 
Bureau,  and  applies  even  in  those  cases  where  proximity  of  the  rain 
gauge  to  high  buildings,  unfavorable  exposure  on  roofs  of  buildings, 
and  other  disturbing  causes  lead  to  the  conclusion  that  the  station 
record  is  at  times  in  error.  No  station  is  ever  located  so  that  such 
errors  would  be  constant  for  all  possible  direction^  of  the  wind  and 
wind  velocities.  Moreover,  notwithstanding  occasional  error,  the  sta- 
tion record  may  still  be  an  excellent  index  of  what  is  happening,  in 
the  way  of  precipitation,  throughout  broad  areas. 

This  subject  should  not  be  passed  by  without  pointing  out  the  un- 
questioned advantage  that  would  result  if  the  Weather  Bureau  would 
supplement  all  its  records  taken  in  large  cities,  or  under  otherwise 
unfavorable  conditions,  by  records  on  exposed  ground  in  the  surround- 
ing country.  Such  supplemental  records  should  be  primarily  for  the 
purpose  of  ascertaining  precipitation  aggregates,  and  frequency  of 
observation  at  such  controlling  stations,  therefore,  would  not  be 
requisite. 

It  is  particularly  noteworthy  that  in  all  studies  of  run-off  within 
the  Pacific  Coast  States,  the  seasonal  division  of  time  should  not  run 
with  the  calendar  year.  For  the  sake  of  uniformity,  the  records  of 
total  rain  published  in  most  Federal  official  documents  have  been  for 
each  calendar  year  for  the  Western  States,  just  as  they  have  been  for 
the  Eastern  States.  This  system  of  publication,  if  annuals  alone  are 
considered,  does  not  enable  one  to  make  a  correct  distinction  between 
the  wet  year  and  the  dry  year.  The  rainfall  record  for  a  year  should 
include  only  one  rainy  season,  and  not  parts  of  two.  Moreover,  as  the 
precipitation  in  each  rainy  season  is  followed  by  a  rise  in  the  streams, 
and  as  the  winter  snows  which  feed  the  streams  do  not  disappear  from 
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the  high  mountains  until  late  in  the  summer,  the  natural  beginning 
of  a  rain  and  run-off  year  would  be  about  September  1st.  It  will 
make  practically  no  difference  for  areas  in  California  if  this  date  is 
shifted  to  October  1st  or  even  to  November  1st.  When  precipitation 
is  noted  for  the  rain  year,  1870-71,  it  means  the  precipitation  in  a 
year  including  completely  the  winter  of  1870-71.  A  late  date  for  the 
commencement  of  the  rain  year  is  desirable  in  order  that  it  may  run 
with  the  year  of  stream  flow.  The  latter  should  cover  a  complete  cycle 
from  one  annual  low  stage  of  the  rivers  to  the  next  annual  low  stage, 
and,  for  California,  may  begin  at  any  time  from  September  1st  to 
November  1st.  Owing  to  the  fact,  however,  that  the  fall  of  rain  from 
May  1st  to  November  1st  is  trifling,  it  would  not  be  seriously  objec- 
tionable to  let  the  rain  year  and  the  run-off  year  overlap  to  some 
extent. 

Within  the  area  covered  by  the  rainfall  map,  Plate  LIX,  nearly 
5  000  sq.  miles — practically  square  in  outline — there  are  56  points  at 
which  rainfall  records  had  been  kept  for  some  years  prior  to  1903.  In 
this  statement  the  records  at  San  Francisco  are  counted  as  one.  The 
longest  record  is  that  of  San  Francisco  which  was  commenced  in  1849 
by  a  careful  observer,  Mr.  Thomas  Tennent,  maker  of  nautical  in- 
struments. Later,  the  number  of  records  in  that  city  increased,  at  one 
time  to  five.  All  are  accepted  as  being  of  equal  weight  with  the  rec- 
ord of  the  Signal  Service,  beginning  in  1871,  and,  later,  the  record  of 
the  U.  S.  Weather  Bureau.  Special  weight  cannot  be  given  to  the 
rain  record  of  the  Weather  Bureau,  because  it  applies  to  several  sta- 
tions successively  occupied,  and  suffers  from  disturbing  causes,  as  do 
all  records  on  the  roofs  of  buildings.  For  San  Francisco,  therefore, 
the  several  records  were  combined,  and  the  average  was  accepted  as 
the  best  indication  of  the  probable  amount  of  rain  that  fell  in  the 
city.  The  mean  annual  rainfall,  or  the  normal  on  the  54-year  basis, 
1849-1903,  was  found  from  the  composite  record  to  be  22.79  in.  for 
San  Francisco. 

With  the  San  Francisco  record  there  were  compared,  for  corre- 
sponding periods  of  time,  the  records  at  San  Jose  and  at  Oakland, 
1874-1903;  Mt.  Hamilton  (Lick  Astronomical  Observatory),  1881-1903; 
Santa  Cruz,  1878-1903 ;  Pilarcitos,  1866-1903 ;  San  Andreas,  1869-1903 ; 
Crystal  Springs,  1877-1903,  and  others.  By  using  the  ratios  thus  as- 
certained to  exist  between  the  rainfall  at  San  Francisco  and  that  at 
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each  of  these  points,  and  applying  this  ratio  to  the  normal  rain  at  San 
Francisco,  a  value  of  the  probable  normal  for  the  54-year  period  at 
each  of  these  points  was  ascertained.  For  the  most  important  stations, 
such  as  Mt.  Hamilton,  San  Jose,  and  Santa  Cruz,  the  rainfall  for  missing 
years  of  the  54-year  period  was  approximated.  These  secondary  sta- 
tions, thereupon,  were  used  in  the  computation  of  the  normal  precipi- 
tation for  the  54-year  period  at  each  point  where  any  part  of  the 
time  was  covered  by  a  local  record.  The  method  used  is  that  just  ex- 
plained. 

It  remains  to  be  added  that,  in  addition  to  the  stations  noted  on 
the  map,  there  were  records  at  18  points,  to  the  north  and  to  the  east 
of  the  area  covered,  taken  into  account  in  the  construction  of  the  rain 
curves. 

The  topographic  features  shown  on  the  map  require  some  ex- 
planation. San  Francisco  lies  at  the  northerly  extremity  of  the  San 
Mateo  Peninsula.  A  spur  of  the  Coast  Range  forms  the  backbone  of 
this  peninsula.  To  some  extent  it  is  subdivided  into  secondary  ridges, 
but  all  is  mountainous  except  a  narrow  fringe  along  the  westerly  side 
of  San  Francisco  Bay.  Within  San  Francisco  the  highest  point, 
Twin  Peaks,  is  more  than  900  ft.  above  sea  level.  To  the  southward 
of  San  Francisco,  cutting  from  northwest  to  southeast  obliquely  across 
the  narrowest  part  of  the  peninsula,  are  the  San  Bruno  Mountains, 
having  a  maximum  height,  of  1300  ft.  This  range  is  separated  from 
the  southerly  extension  of  the  peninsula  ridge  by  a  gap  barely  more 
than  200  ft.  above  the  sea.  The  peninsula  mountains  are  soil-covered, 
their  summits  are  rounded,  and  their  slopes  moderate.  Much  of  the 
ground  is  brush-covered,  some  is  timbered,  and  comparatively  little 
bare  rock  is  exposed.  Elevations  on  the  ridge  rise  to  several  thousand 
feet  midway  between  San  Francisco  and  Santa  Cruz,  and  to  3  850  ft. 
at  Loma  Prieta,  12  miles  northeasterly  from  Santa  Cruz.  To  the 
eastward  of  the  peninsula  mountains  is  San  Francisco  Bay  and  the 
Santa  Clara  Valley,  with  its  soiitherly  continuation,  the  Gilroy  Valley. 
The  two  valleys  merge  into  each  other,  the  highest  land  between  them 
being  about  300  ft.  above  the  sea.  These  two  valleys  and  the  San 
Francisco  Bay  separate  the  peninsula  spur  of  the  Coast  Range  from  a 
series  of  parallel  spurs  of  which  one  culminates  at  Mt.  Hamilton, 
slightly  more  than  4  000  ft.  in  altitude,  and  another  at  Mt.  Diablo,  of 
similar  height,   and   just  to  the  north  of  the  easterly  portion  of  the 
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area  covered  by  the  map.  The  crests  of  several  of  this  group  of  Coast 
Range  spurs  are  at  elevations  of  from  2  000  to  3  000  ft.  The  lowest 
gap  across  the  range  eastward  from  San  Francisco  is  at  Altamont, 
about  700  ft.  in  elevation.  Another  low  point  is  Pacheco  Pass,  just 
off  the  map  near  its  southeast  comer. 

The  computed  station  normals  for  the  54-year  period,  1849-1903, 
were  used  as  a  basis  for  the  construction  of  the  isohyetose  lines.  These 
conform  in  a  broad  way  to  the  contour  lines  of  the  country,  that  is 
to  say,  they  hold  the  same  general  direction.  It  will  be  noticed,  how- 
ever, that  the  maximum  rainfall  is  not  at  the  point  of  maximum  ele- 
vation, but,  as  a  rule,  lies  upon  the  southwest  slopes  of  the  mountain 
chains.  On  the  peninsula  mountains  a  maximum  is  noted  just  west 
of  the  crest  line.  Near  Pilarcitos  Reservoir  it  very  nearly  coincides 
with  the  crest,  because  the  range  there  is  narrow,  and  if  there  is  a 
maximum  westerly  from  Pilarcitos  it  would  be  disclosed  only  by  ad- 
ditional rain  record  stations.  The  position  of  the  rainfall  maximum 
on  the  southwest  slope  of  the  range  is  pronounced  near  Laurel  and 
Boulder  Creek,  some  miles  north  of  Santa  Cruz.  Eastward  from  Santa 
Clara  "Valley  the  region  in  which  rainfall  is  a  maximum  is  well  up  on 
the  range,  about  midway  in  distance  between  the  valley  and  the  crest 
line  which  divides  its  waters  from  those  of  San  Joaquin  Valley. 

Taking  a  course  from  a  point  on  the  ocean  about  12  miles  north- 
west from  Santa  Cruz  in  a  northeasterly  direction  toward  Mt.  Hamil- 
ton, the  normal  annual  rainfall  increases  from  20  in.  on  the  water  to 
25  in.  at  the  shore  line,  and  to  50  in.  at  about  two-thirds  of  the  dis- 
tance from  the  ocean  to  the  mountain  crest.  Continuing  on  the  north- 
easterly course,  there  is  a  decrease  to  less  than  15  in.  in  the  Santa 
Clara  Valley,  and  thereupon  an  increase  to  31  in.  at  a  point  just  east 
of  Mt.  Hamilton,  which,  as  already  stated,  is  about  half  way  from 
Santa  Clara  Valley  to  the  range  crest.  Thence  to  San  Joaquin  Valley 
the  rain  decreases  to  about  10  in. 

Evidently,  the  moisture-laden  air,  as  it  rises  up  the  mountain 
slopes,  becoming  cooler  and  losing  density  with  increasing  altitude, 
is  forced  to  part  with  so  much  moisture  before  it  reaches  the  mountain 
crest  that  the  northeast  slopes  and  the  valleys  beyond  receive  much 
less  precipitation  than  the  opposite  mountain  slopes. 

This  same  phenomenon  is  equally  marked  in  the  Sierra  Nevada 
Mountains.     The  rain  at  the  southwesterly  base  of  these  mountains 
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in  Sacramento  Valley  is  about  20  in.  per  annum.  It  is  more  than 
70  in.  at  high  altitudes  on  the  southwest  slope  of  the  mountains,  at 
points  northeastward  from  Sacramento  Valley,  and  it  drops  to  only 
4  or  6  in.  on  the  plains  of  Xevada,  from  4  000  to  5  000  ft.  in  altitude, 
east  of  the  range. 

The  curves  of  normal  rainfall,  particularly  where  there  is  such 
pronounced  change  in  amount  within  a  few  miles,  as  may  be  seen  in 
parts  of  the  mapped  area,  have  served  admirably  as  the  basis  for  com- 
puting the  normal  fall  of  rain  upon  any  water-shed.  The  normal  rain- 
fall amounts  thus  established  for  the  areas  tributary  to  Pilarcitos 
Reservoir,  to  San  Andreas  Reservoir,  and  to  Crystal  Springs  Reservoir 
were  thereupon  used  as  aids  in  approximating  the  annual  precipitation 
upon  each  of  these  water-sheds. 

The  process  may  be  briefly  stated.  The  three  rainfall  records,  at 
Pilarcitos,  at  San  Andreas,  and  at  Crystal  Springs,  after  being  ex- 
panded, as  already  explained,  to  the  full  54-year  period,  were  com- 
bined by  averaging  the  rain-year  annuals.  In  this  way  a  composite 
rain  record  for  the  reservoir  areas,  from  1866  to  1903,  was  obtained, 
and  this  was  used  as  an  index  of  the  relative  amount  of  rain  that  fell 
in  each  rain  year.  The  composite  normal  for  the  54  years  varied 
from  the  normals  in  each  of  the  three  basins,  and  the  extent  of  this 
variation  was  ascertained  for  each.  Thereupon,  a  correction  of  the 
composite  annuals  was  made  for  each  basin,  and  the  corrected  values 
were  accepted  as  the  annual  precipitation  on  the  basin  areas.  The 
three  records  were  combined,  as  here  explained,  instead  of  being  used 
separately,  because  they  are  for  areas  which  are  close  to  one  an- 
other, and  it  is  believed  that  such  a  composite  record  is  a  somewhat 
more  reliable  index  of  the  rain  on  a  considerable  extent  of  country 
than  either  of  the  three  records  used  alone  would  be. 

As  it  is  desired  to  know  for  each  of  the  three  reservoir  drainage 
basins  what  quantity  of  water  annually  flowed  from  land  areas,  ex- 
clusive of  water  surface,  the  following  procedure  may  be  adopted. 

The  water  consumvtion  from  each  reservoir  is  known  from  the  rec- 
ords of  the  Spring  Valley  "Water  Company.  The  stage  of  water,  and 
therefore  the  annual  increase  or  decrease  in  the  quantity  of  water 
stored,  is  also  known  for  each.  Also,  approximately  at  least,  the 
quantity  of  water  which  had  to  be  allowed  to  flow  to  waste. 
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Let    R  =  rainfall  per  annum,  in  inches, 

A  =  drainage   area,   in   square   feet    (including   the   reservoir 
surface), 

a  =  area  of  reservoir  water  surface,  in  square  feet, 

E  =  evaporation  per  annum,  in  inches, 

[7  =  useful  water  consumption  per  annum,  in  gallons, 

W  =  waste  per  annum,  in  gallons, 

r  =  run-off  from  land  only,  in  inches, 

S  =  storage  increase  per  annum,  in  gallons. 
^,        r      ^  S         E  U         R  W 

Then_(^  -  «)  =   775  +  12  ^"^  +  TJ~  12  «+  7.5 

For  E  =  48  in.  this  becomes 

A  —  a  A  —  o. 

The  evaporation  from  the  water  surface  of  the  reservoirs  was  as- 
sumed at  48  in.  per  year.  It  is  believed  that  this  assumption  is  liberal. 
Some  error  in  this  assumption  would  have  but  small  effect  upon  the 
conclusions  herein  reached  relating  to  run-off.  The  above  value  was 
assumed  because  it  is  the  amount  indicated  by  a  4  years'  series  of  ob- 
servations on  Kings  River  at  Kingsburg  in  the  San  Joaquin  Valley.* 
The  mean  annual  temperature  at  the  reservoirs  is  probably  somewhat 
lower  than  that  at  Kingsburg,  and  the  greater  proximity  of  the 
reservoirs  to  the  Pacific  Ocean  may  also  act  to  keep  the  evaporation 
lower  than  in  the  interior  valley.  If  there  is  error  in  the  assumption, 
it  is  therefore  probable  that  it  is  in  the  direction  of  too  much  evapora- 
tion. 

It  remains  to  be  stated  that  all  three  of  these  reservoirs  are  of 
relatively  large  capacity  when  compared  with  the  small  tributary 
areas.  There  are,  therefore,  many  seasons  in  which  there  is  no  waste, 
in  which  all  water  is  caught.  This  is  particularly  true  of  Crystal 
Springs  Reservoir,  which  has  been  full  only  twice.  There  is,  moreover, 
a  certain  interdependence  between  the  reservoirs.  The  relation  in 
which  the  Pilarcitos  Reservoir  stands  to  the  San  Andreas  Reservoir 
is  so  close,  in  fact,  that  it  has  seemed  advisable  to  combine  the  two 

*  "Physical  Data  and  Statistics."  William  Ham.  Hall.  State  Engineer  of  California,  1886, 
page  378. 
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and  treat  them  as  a  single  reservoir  in  this  discussion.  The  arrange- 
ment is  such  that  the  waste  from  the  Pilarcitos  flows  to  the  San 
Andreas  until  the  conduit  capacity  is  exceeded,  whereupon  some  water 
goes  to  the  stream.  Any  excess  of  water  received  by  the  San  Andreas 
Keservoir  is  in  turn  delivered  to  the  Crystal  Springs  Eeservoir. 


TABLE    1.— Annual    Eainfall    in    the    Drainage    Basins    of    the 
Pilarcitos,  San  Andreas  and  Crystal  Springs  Eeservoirs. 


Year. 

Reservoir 
composite. 

Pilarcitos. 

San  Andreas. 

Pilarcitos 

and 

San  Andreas. 

Upper 
Crystal 
Springs. 

Crystal 
Springs. 

1866-67. 

65.17 

74.20 

67-68 

81.77 

92.90 

6»-69 

48.26 

54.85 

69-70  

43.13 

49.00 

42.45 

45.3 

1870-71  

35.09 

39.90 

3i.60 

36.8 

71-72 

80.53 

91.60 

79.50 

84.6 

72-73  

39.17 

44.50 

38.60 

41.1 

73-74  

49.86 

56.70 

48.80 

.52.4 

74-75  

44.36 

.50.40 

43.80 

46.6 

75-76  

69.47 

79.00 

68.50 

72.9 

76-77  

22.37 

25.50 

22.05 

23.5 

77-78  

68.14 

77.60 

67.20 

71.6 

51.5 

78-79  

49.47 

56.20 

48.80 

51.9 

.37.4 

79-80  

53.79 

61.20 

53.00 

56.5 

40.7 

1880-81  

48.77 

55.50 

48.10 

51.2 

36.9 

81-82  

31.28 

35.60 

30.90 

32.8 

23.6 

82-83 

30.21 

34.40 

29.80 

31.7 

22.9 

83-84 

50.22 

57.20 

49.50 

52.7 

38.0 

84-85 

.35.02 

39.90 

34.50 

36.8 

26.5 

a5-86  

49.29 

56.10 

48.60 

51.8 

37.3 

86S7 

34.31 

39.10 

33.80 

36.0 

26.0 

87-S8 

33.67 

■ss.so 

33.20 

35.4 

25.4 

88-89  

37.45 

42.70 

33.90 

39.3 

31.8 

89-90  

70.83 

80.70 

69.70 

74.4 

60.1 

1890-91  

35.79 

40.70 

35. .30 

37.6 

30.3 

91-92  

36.11 

41.10 

35.60 

37.9 

30.6 

92-93 

51.58 

58.80 

50.80 

54.2 

43.7 

93-94  

46.99 

53.50 

46.40 

49.3 

.99.8 

94-95 

61.48 

70.00 

60.60 

64.5 

52.1 

95-96 ; 

45.22 

51.. 50 

44.60 

47.5 

38.4 

96-97  

45.96 

52.30 

45.30 

48.2 

39.0 

97-98  

23.62 

26.90 

23.20 

24.8 

20.0 

98-99  

38.56 

43.90 

38.00 

40.5 

32.7 

99-00 

40.48 

46.10 

40.00 

42.5 

38.3 

1900-01  

40.14 

45.70 

39. .50       • 

42.1 

34.0 

01-02  

37.07 

42.20 

36.60 

38.9 

31.5 

02-03  

35.57 

40.60 

a5.20 

37.5 

30.3 

Both  Pilarcitos  and  San  Andreas  Reservoirs  have  had  their  natural 
water-sheds  increased  by  the  addition  of  small  outside  areas  in  which 
the  run-off  is  caught  by  suitably-arranged  conduits  and  led  into  the 
reservoirs.  Such  conduits  do  not  at  all  times  trap  and  deliver  all 
the  run-off  water  which  during  heavy  rainfall  often  exceeds  the  con- 
duit capacity.  Consequently,  such  outside  areas  have  been  considered 
as  being  half  as  efficient  as  areas  entirely  within  the  several  drainage 
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basins.  Moreover,  as  outside  areas  have  been  added  or  cut  out  from 
time  to  time,  the  drainage  basin  areas  have  been  subject  to  some 
change.     The  following  have  been  introduced  into  the  calculation: 

Pilarcitos  and  San  Andreas  combined,  10.4  sq.  miles  until  1896, 
then  11.3  sq.  miles  until  1902,  and  finally  10.5  sq.  miles. 

Upper  Crystal  Springs,  which  later  became  a  part  of  the  Crystal 
Springs  Keservoir,  13.79  sq.  miles.  Crystal  Springs  Reservoir  (in- 
cluding Upper  Crystal  Springs)  23.16  sq.  miles  until  1896,  thereafter 
22.26  sq.  miles. 

TABLE  2. — Total  Water  Production  in  the  Drainage  Basin  of  the 

Combined  Pilarcitos  a\d  San  Andreas  Reservoirs  (Including 

Water  Surface). 


Year. 

Water  consump- 
tion, in  millions 
of  gallons. 

Storage  increase, 

in  millions  of 

gallons. 

S. 

Waste,  in 

millions  of 

gallons. 

W. 

u+s+w, 

in 

millions  of 

gallons. 

1869-70 

1466 

1  693 

2  483 
2689 

3  118 
3532 

3  957 
3343 
3323 
3800 
3944 

4  311 
4635 
3265 
3  453 
3  674 
2140 
3  455 
3304 
1987 

2  252 
2444 
1407 
2925 
2480 

3  325 
3777 
4286 
3113 

583 
2779 
4383 
3  087 
3  871 

+     511 

—  775 
+  3178 

—  385 
+     188 

—  1519 
+  1978 

—  3  431 
+  3  215 

—  284 
+     548 
--    705 

—  2  410 
-1423 
+     899 
-1415 
+  2  991 

—  690 

—  1061 
+     238 
+  4  366 

—  868 

—  389 
+     176 

—  30 

—  688 

—  1260 

—  453 
-1  729 
+  1077 
+     295 

—  1280 
+     215 
+     484 

1  977 

70-71 

918 

71-72 

72-73 

Large. 

Uncertain. 
2  394 

73-74 

74-75        

Probable. 

3  306+  . 
2  013 

75-76 

76-77 

Some. 

5  935  + 

—      88 

77-78 

78-79 

Some. 

6  537  + 
3  516 

79-80 

1880-81 

Probable. 

4  492  4- 

5  016   ■ 

81-82 

2225 

82-83        

1842 

83-84 

4  352 

84-85 

2  259 

85-86 

5181 

86-87 

2  765 

87-88 

2343 

88-89 

2225 

89-90 

1890  91 

Some. 

6  618  + 
1  576 

91-92 

1018 

92-93 

93-94 

Probable. 

3  101  + 
2  430 

94-95 

95-06 

Large. 

Uncertain. 
2  517 

96-97 

3834 

97  98 

1384 

98-99 

1  660 

99-00 

3  074 

1900-01 

3208 

01-02..   . 

3302 

02-03 

4355 

The  water  surface  in  the  reservoirs  varied  in  area  from  month  to 
month  and  from  year  to  year.  Per  convenience,  it  has  been  assumed 
that  the  relation  of  the  water-surface  area  of  each  reservoir  to  its 
tributary    water-shed    has    been    constant.      The    water    surfaces    of 
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Pilarcitos  and  San  Andreas  were  taken  at  7.5%  of  their  combined 
drainage  basin  areas;  Upper  Crystal  Springs  Reservoir  covered,  at 
average  conditions,  about  5.5%  of  its  drainage  basin  area,  and  Crystal 
Springs  about  8  per  cent. 

The  storage  increase  or  decrease,  as  noted  in  Tables  1  to  4,  is 
based  on  the  water  stage  in  the  reservoirs  on  November  1st  of  each 
year.  The  tables  have  not  been  burdened  with  the  details  of  the  cal- 
culation. It  is  to  be  noted  that,  in  the  case  of  Pilarcitos  and  San 
Andreas  Reservoirs,  there  is  uncertainty  relating  to  the  quantity  of 
water  wasted.  The  values  of  run-off  as  noted  are  therefore  small 
rather  than  large — a  fact  which  may  be  taken  into  account  in  the 
construction  of  a  run-off  curve. 


TABLE  3. — Total  Water  Production  in  Drainage  Basins  of  Upper 

Crystal  Springs  and  Crystal  Springs  Reservoirs  (Including 

Water  Surfaces). 


Water  consump- 

Storage increase. 

Waste,  in 

u+s+w. 

^ 

tion,  in  millions 

in  millions  of 

millions  of 

in 

of  gallons. 

gallons. 

gallons. 

millions  of 

U. 

S. 

W. 

gallons. 

1877-78 

0 

-1-3179 

3179 

78-79 

0 

—     208 

-     208 

79-80 

0 

-t-     154 

154 

1880-81  

0 

—     297 

-     297 

81-82 

28 

—       57 

—       29 

82-83 

629 

-     648 

—       19 

83-84 

76 

-f     753 

829 

84-85 

891 

—     787 

104 

85-86 

2  5.38 

—     528 

2  010 

86-87 

1280 

—     882 

398 

87-88 

1  176 

—     528 

648 

88-89 

2  768 

-f     868 

3  6.36 

89-90 

2  966 

-^7  210 

6  737 

16  912 

1890-91 

1179 

4  1802 

2  981 

91-92 

1691 

—     670 

1021 

92-93 

2  019 

4-4480 

6  499 

93-94 

2  416 

-1-1076 

3  492 

»»-95 

2  611 

-       40 

4  674 

7245 

95-96 

2  441 

-     368 

2073 

96-97 

3  761 

—     726 

3035 

97-98 

3  796 

—  4  913 

—  1  117 

98-99 

4  348 

—  2  973 

1375 

99-00 

2  435 

-1  036 

1  399 

1900-01 

1531 

-     697 

834 

01-02 

1626 

—  1361 

265 

02-03 

825 

-t-1757 

2582 

For  convenience,  the  data  in  Tables  1  to  4  may  be  combined  by 
averaging  all  rainfalls  within  5-in.  limits  and  averaging  the  corre- 
sponding run-offs.     This  procedure  gives  the  following  results: 


32.2 

(( 

u 

u 

13.5    ' 

37.7 

" 

a 

a 

14.4   ' 

41.6 

a 

C( 

14.8    ' 

47.7 

u 

(I 

u 

15.0    ' 

52.3 

IC 

i( 

u 

24.1    ' 

56.5 

a 

^> 

a 

26.1    ' 

73.0 

« 

a 

u 

36.2    ' 
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Pilarcitos  and  San  Andreas  drainage  basins. 

For  rainfall  24.1  in.,  the  run-off  is     5.7  in. ;  with  weight  2. 

"         "  2. 

"         "  9. 

"  4. 

"  5. 

"         "  6. 

a  li  1 

a  u         ^^ 

Upper  Crystal  Springs  drainage  basin. 

For  rainfall  22.7  in.,  the  run-off  is  1.4  in.;  with  weight  2. 
u  (c  26.0  "  "  "  "  3.0  "  "  "  3. 
"         "         38.0    "       "  "      "     3.0    "        "         "      5. 

"        "         51.5    "       "         "      "    13.8    "         "         "       1. 

Crystal  Springs  drainage  basin  (including  Upper  Crystal  Springs). 
For  rainfall  20.0  in.,  the  run-off  is       0  in.;  with  weight  1. 

(I  u  o-|  o     u         II  li       II       an     a  a  a        ij 

"         "         38.9    "       "  "      "      7.6   "        "  "      4. 

i(         u         47  9    "       "  "      "18  4    "         "  "       2 

60.1    "       "  "      "    44.4   '•         "  "       1. 

Some  of  the  water  which  falls  to  the  earth  in  the  form  of  rain 
or  snow  is  absorbed  by  the  soil  or  passes  by  infiltration  into  the  porous 
fissured  or  cavernous  sub-surface  strata  of  the  earth's  crust.  A  small 
part  of  it  enters  into  the  structure  of  grasses,  shrubs,  and  trees,  an- 
other small  part  is  lost  by  evaporation  from  the  surface  of  leaves  and 
other  parts  of  plants,  and  from  the  grass  cover  of  the  ground  when 
there  is  any.  The  remainder  is  visible  run-off.  That  part  of  the 
water  which  sinks  into  porous  or  otherwise  open  or  pervious  sub- 
strata, flows  therein  to  some  point  of  outfall  and  is  to  be  considered 
a  part  of  the  run-off  in  the  sense  in  which  the  term  is  herein  used. 
It  is  assumed  in  this  discussion  that  all  water  thus  moving  under- 
ground and  reappearing  in  springs  shall  have  reached  the  surface, 
and  shall  have  become  visible  run-off  at  the  point  for  which  run-off 
is  estimated.  All  other  water  which  sinks  into  the  soil  returns  to  the 
surface  in  the  course  of  time  and  is  consumed  in  sustaining  plant 
life  or  is  evaporated.     On  the  assumption,  therefore,  that  no  material 
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part  of  the  water  from  a  drainage  basin  flows  in  subterranean  chan- 
nels past  the  point  for  which  run-off  is  estimated,  it  may  be  broadly 
stated  that  all  water  falling  as  rain  either  appears  in  the  stream  as 
run-off  or  evaporates.  The  assumption  here  made,  that  there  is  little 
or  no  sub-surface  flow,  is  justified  in  ordinary  cases.  Where  condi- 
tions indicate  the  probability  of  flow  in  sub-surface  channels  or  in 
porous  strata,  proper  allowance  for  such  conditions  must  be  made. 

TABLE  4. — Eainfall  and  Eun-Off  for  Pilarcitos,  San  Andreas  and 
Crystal  Springs  Reservoirs. 


PiLARCiTos  AND  Sas  Andreas.    Upper  Crystal  Springs.           Cri 

sTAL  Springs. 

Year. 

Rain, 
in  inches. 

Run-oflffrom           r>„;,„           Run-off  fromi        t>o,„           Run  off  from 
land  only,          ini^i^V<;         land  only,        i^j^H'            land  only, 
in  inches.          m  inches.        in  inches.        m  inches.        jn  inches. 

1869-70 

45.3 

12.1 

1 
i 

1870-71 

36.8 

6.5 

71-72 

84.6 

Untjertain. 

72-73 

41.1 

15.0 

73-74 

52.4 

19.8 

... 

74-75 

46.6 

12.1 

75-76 

72.9 

33.8 

1 

76-77 

23.5 

2.0 

77-78 

71.6 

37.2                     t 

.i;5         ] 

sis 

78-79 

51.9 

20.8                   ; 

$7.4 

0.0 

79-80 
1880-81 

56.5 
51.2 

26.1                       <: 
29.8                       i 

10.7 
J6.9 

1.1      i 

0.0 

81-82 

32.8 

14.5                      i 

23. 6 

1.3 

82-83 

31.7 

12.4                      i 

52.9 

1.4 

83-84 

52.7 

25.7                   ; 

J8.0 

4.3 

84-85 

36.8 

14.4                      5 

26. 5 

1.8 

85-86 

51.8 

30.5                    : 

57.3 

9.5 

86-87 

36.0 

17.7                     i 

!6.0 

3.1         ! 

87-88 

35.4 

14.4                      i 

!o.4 

4.2 

88-89 

39.3 

14.0 

1          [ 

51.* 

i                 11.1 

89-90 

74.4 

37.6 

>0. 

L                    44.4 

1890-91 

37.6 

10.2 

!0.J 

5                      9.5 

91-92 

37.9 

6.9 

' 

J0.( 

5                     4.2 

92-93 

54.2 

18.1 

;               i 

13.' 

r              17.8 

93-94 

49.3 

14.6 

'               ' 

!9.t 

i                   10.0 

94-95 

64.5 

Uncertain. 

)2. 

19.0 

95-96 

47.5 

15.1 

!8.^ 

I                      6.3 

96-97 

48.2 

21.1 

59. ( 

)                     9.2 

97-98 

24.8 

9.5 

!0.( 

)                     0.0 

98-99 

40.5 

8.9 

52.' 

r                   5.1 

99-00 

42.5 

17.2 

' 

58.; 

$                     4.7 

1900-01 

42.1 

18.0 

54. ( 

)                      ].4 

01-02 

38.9 

18.8 

51. J 

)                      2.1 

0»-03 

37.5 

26.6 

...                               ' 

50.; 

$                     8.7 

The  values  (above  noted)  of  run-off,  for  varying  amounts  of 
precipitation,  have  been  plotted  as  ordinates  from  a  base  line  on  which 
the  corresponding  amount  of  rain  was  scaled  off.  Thereupon  a  run- 
off curve  was  drawn  in  the  position  called  for  by  the  individual  points 
with  due  regard  to  their  weights  (determined  by  the  number  of  years' 
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records  which  each  represents).  But,  in  the  construction  of  this  curve, 
the  fact  was  taken  into  account  that  all  water  which  does  not  appear 
in  the  stream,  or,  in  this  case,  which  does  not  reach  the  reservoir,  may 
be  considered  as  having  been  evaporated,  and  that,  under  California 
conditions,  evaporation  will  be  greatest  in  amount  in  the  long  run  in 
the  years  of  greatest  rainfall.  The  more  frequent  and  the  greater  the 
soil  saturation  the  greater  will  be  the  aggregate  evaporation  from  the 
soil  in  the  course  of  the  year. 

If,  now,  it  were  supposed  that  there  was  no  evaporation  what- 
ever, then,  in  the  course  of  the  year,  the  run-off  would  equal  the  rain- 
fall, no  matter  what  the  amount  of  rain,  and  in  such  a  case  the  run- 
off curve  would  be  a  straight  line  starting  off  from  the  initial  point 
at  an  angle  of  45° — the  scales  on  which  run-off  and  rain  are  plotted 
being  the  same. 

This  ideal  condition  never  exists;  therefore,  for  any  amount  of 
rain,  the  corresponding  point  on  the  run-off  curve  must  be  somewhere 
below  the  45°  line,  in  fact,  below  by  an  amount  corresponding  to  the 
portion  of  rain  which  is  here  credited  to  evaporation. 

If,  now,  as  above  stated,  the  amount  of  evaporation,  expressed  in 
inches  over  the  water-shed,  increases  with  increasing  amounts  of 
annual  rainfall,  the  true  run-off  curve  must  drop  farther  and  farther 
below  the  45°  line  as  it  advances  from  small  to  large  annual  precipi- 
tation. For  large  amounts  of  rain  it  will  be  nearly  parallel  to  the 
line  of  complete  run-off. 

On  the  other  hand,  run-off  is  nil  when  there  is  no  rain.  There 
may  be  some  run-off  due  to  very  small  falls  of  rain,  depending  upon 
rain  intensity.  Consequently,  at  the  initial  point,  the  run-off  curve 
must  be  tangent  to  the  base  line.  These  considerations  were  taken  into 
account  in  the  construction  of  the  run-off  curves  shown  in  the  dia- 
gram. Fig.  1. 

The  stream  gauging  work  of  the  State  Engineer  of  California, 
1878  to  1884,  and  that  of  the  United  States  Geological  Survey  since 
1895,  have  furnished  fairly  reliable  information  of  river  discharge  in 
the  central  portions  of  California.  This  information,  combined  with 
an  interpretation  of  rainfall  records  for  the  same  periods  in  connec- 
tion with  the  State  rainfall  map,  Plate  LIX,  has  made  it  possible 
to  construct  a  second  run-off  curve  for  areas  that  are  of  the  high 
mountainous  class   (Sierra  Nevada  with  elevations  up  to   14  000  ft.). 
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Unfortunately,  the  estimate  of  precipitation  here  used,  covering  large 
areas,  is  far  from  satisfactory.  The  rainfall  stations  are  too  widely 
scattered.  There  may  be  a  number  of  points  of  rainfall  maxima 
which  have  not  been  disclosed  by  the  records.  It  is  believed  that  in 
most  cases  the  rain  in  the  large  areas  has  been  noted  too  low.  In  the 
large  drainage  areas,  moreover,  there  is  a  wide  range  in  the  amount 
of  rain  falling  in  different  parts  of  the  basin.  Thus,  in  the  case  of 
Sacramento  River,  the  normal  rain  in  the  basin  ranges  from  10  in. 
at  some  valley  points  to  more  than  70  in.  in  high  mountain  regions. 
Moreover,  in  single  rain  years,  the  maximum  may  be  twice  the  normal. 
In  such  years  of  maximum  rainfall  there  are  some  portions  of  such 
basins  as  that  of  Sacramento  River  from  which  the  run-off  is  as  low 
as  2  in.,  and  certain  other  though  relatively  small  portions  in  which 
the  run-off  depth  may  exceed  100  in.  The  utilization  of  an  average 
value  for  the  precipitation,  therefore,  permits  only  a  crude  approxima- 
tion in  such  a  case  to  the  relation  of  run-off  to  rain.  It  would  be 
much  more  satisfactory  to  treat  such  drainage  basins  in  subdivisions. 
This  could  not  be  done  in  the  case  of  Sacramento  River  for  lack  of 
data. 


10" 

30" 

50" 

-<- 

\ 

ro" 

Fig.  2. 

The  force  of  the  foregoing  statement  can  be  made  clear  by  a  simple 
illustration.  Suppose  a  case  (Fig.  2)  in  which  the  rainfall  on  one- 
fourth  of  a  drainage  basin  of  low  soil-covered  hills  is  10  in.,  on  the 
second  fourth,  30  in.,  on  the  third  fourth,  50  in.,  and,  on  the  last 
fourth,  70  in.  In  this  case  the  run-off,  expressed  in  depth  of  water 
as  hereinafter  shown,  will  be: 

From  the  first  fourth 0.3  in. 

"  "  second    "     5.1    " 

«         "  third      "      16.9    " 

«         "  fourth    "     35.0    " 

Average  run-off  from  the  entire  area 14.3  in. 

The  average  amount  of  rain  on  the  entire  drainage  area  is  40  in., 
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and  the  run-ofi  for  a  40-in.  rain  is  10  in.,  or  4.3  in.  less  than  the 
amount  of  water  which  will  actually  go  to  the  stream. 

It  may  be  of  interest  to  record  here  a  rule-of-thumb,  for  finding 
the  run-ofiF  when  the  rainfall  is  known,  which  has  never  before  been 
published.     This  rule  is: 

"The  percentage  of  the  annual  rainfall,  when  less  than  50  in., 
which  runs  to  the  stream  is  equal  to  the  number  of  inches  of  rain. 
When  the  annual  rain  exceeds  50  in.,  25  in.  thereof  goes  to  the  ground 
(evaporates),  the  remainder  is  run-off." 

The  reliability  of  this  rule  for  Pacific   Coast  rainfall  conditions 
may  be  judged  by  comparison  with  the  run-off  curves  shown  on  Fig.  1. 
Aided  by  the  run-off  curves  of  Fig.  1,  the  following  relation  of 
run-off  to  rainfall  may  be  noted: 

For  soil-covered  hills  and  low  mountain  drainage  areas  (Coast 
Range  of  California,  near  San  Francisco,  typical)  : 

For  10  in.  annual  rain,     0.3  in.  run-off. 
"     15    "         "  "        0.9    "  " 

"     20    "         "  "  •     1.9    "  " 

"     25    "         "    ^       "        8,3    " 
"    30    "  "  "        5,1    "  " 

u      35     a  u  u  /^_3     a 

"  40  "  "  "  10.0  " 

"  45  "  "  "  13.2  "          " 

"  50  "  "  "  16.9  "          " 

"  60  "  "  "  25.8  "          " 

"  70  "  "  "  35.0  " 

"  80  "  "  "  45.0  " 

"  100  "  "  "  65.0  " 

For  drainage  basins  in  high  mountain  regions  (Sierra  l^evada 
Mountains,  California,  typical) : 

Fnr  10  in.  annual  rain,     1.0  in.  run-off. 

u    20    "         "  "        4.5    "  " 

a      3Q     a  u  u  9  5     u  a 

"    40  "  "  "  16.0  "  " 

"    50  "  "  "  23.5  "  " 

"    60  "  "  "  32.5  "  " 

"    70  "  "  "  42.5  "  " 

"    80  "  «  "  52.0  " 

"  100  "  "  "  72.0  " 
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It  is  not  necessary  to  state  that  the  foregoing  run-off  figures  repre- 
sent probabilities.  They  represent  mean  values  for  long  time-periods. 
The  run-off  in  any  single  year  may  differ  from  the  probable  run-off 
by  a  wide  margin.  This  possible  great  variation  from  the  mean  is 
due  to  the  dissimilarity  of  storm  conditions  in  the  successive  rainy 
seasons.  Thus,  for  example,  there  may  be  seasons  with  25  in.  of  rain 
falling  in  light  showers,  in  which  the  soil  dries  out  sufficiently  after 
each  to  be  ready  to  absorb  the  water  of  the  next.  In  such  a  case  there 
would  be  no  run-off.  The  same  amount  of  rain  in  one  or  two  severe 
rain-storms,  on  the  other  hand,  might  produce  a  run-off  several  times 
as  great  as  that  indicated  as  probable  by  the  run-off  curve. 

The  run-off  curves  shown  in  Fig.  1  are  not  in  perfect  accord  with 
the  curves  constructed  in  1903.  It  is  believed  that  too  great  an 
allowance  was  then  made  for  water  wasted.  Consequently,  the  new 
curve  for  low  soil-covered  areas,  based  on  re-estimates  throughout, 
shows  somewhat  less  run-off  for  the  same  quantities  of  rain  than  the 
1903  curve.* 

The  run-off  curve  of  1903  was  used  in  forecasting  the  probable 
water  yield  from  a  number  of  water-sheds  within  the  mapped  area. 
In  each  case  the  normal  annual  rain  on  the  drainage  basin  was  de- 
termined by  reference  to  the  rainfall  curves  on  the  map.  Thereupon 
the  relation  of  this  normal  to  the  normal  at,  say  Mt.  Hamilton,  was 
noted,  and  from  the  annuals  at  Mt.  Hamilton  the  annuals  for  the 
drainage  basin  were  computed.  These  annuals  were  then  used  to  de- 
termine the  annual  run-off  or  gross  water  production  of  the  basin  and 
a  mass  curve  was  constructed  which  served  in  the  ordinary  way  after 
storage  possibilities  had  been  ascertained  to  estimate  the  net  annual 
water  yield. 

That  the  net  water  production  of  the  areas  which  are  tributary  to 
e  peninsula  reservoirs  has  been  about  500  000  gal.  per  sq.  mile  per 
day  has  long  been  known.  The  gross  water  production  of  land  only 
in  their  water-sheds,  according  to  the  figures  noted  in  the  preceding 
tables,  has  averaged  about  20  700  000  gal.  per  sq.  mile  per  year,  or 
about  570  000  gal.  per  sq.  mile  per  day.  This  water  production  is 
from  an  area  of  about  34  sq.  miles  on  which  the  normal  annual  rain- 
fall is  about  43  in. 

*  Municipal  Reports  of  San  Francisco,  1901-03.  appendix.  Water  Supply  Prepress  Report ; 
and  Municipal  Reports  of  San  Francisco,  1903  04,  Report  on  Proposition  of  Bay  Cities 
Water  Company. 
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DISCUSSION. 


E.  C.  Murphy,  M.  Am.  See.  C.  E.  (by  letter). — In  this-  paper 
the  author  has  given  the  results  of  his  study  of  rain  distribution 
over  an  area  of  about  5  000  sq.  miles  lying  to  the  southeast  of  San 
Francisco;  also,  the  results  of  computations  of  rain  and  run-off  from 
three  small  basins  in  this  area.  As  the  rain  was  measured  at  56  places 
on  this  area,  for  periods  varying  in  length  from  a  few  years  to  54 
years,  and  as  the  run-off  from  the  three  basins  was  carefully  measured 
for  several  years,  these  results  are  of  more  than  ordinary  value. 

The  normal  rain  distribution  over  this  area  for  the  54  years,  1849 
to  1903,  is  shown  by  isohyetals.  Comparing  these  lines  with  the  lines 
for  this  area  for  the  period  1870  to  1901,  prepared  by  the  United 
States  Weather  Bureau,  one  finds  comparatively  little  similarity.  The 
number  of  points  where  rain  is  measured  is  comparatively  small,  and 
many  of  these  are  in  cities  at  low  elevation.  Much  of  the  uninhabited 
country  at  high  elevation  is  without  rain  measurement.  It  is  neces- 
sary, therefore,  in  drawing  these  lines,  to  supplement  the  precipitation 
and  elevation  data  with  judgment  based  on  general  principles  and  a 
personal  knowledge  of  the  country.  All  the  rain  records  do  not  begin 
at  the  same  date,  and  in  some  of  them  there  are  missing  months  and 
years.  The  computed  normal  at  a  place  depends  to  some  extent  on  the 
method  used  to  interpolate  the  missing  data.  It  is  to  be  expected, 
therefore,  that  the  location  of  isohyetal  lines  by  different  persons  will 
differ  somewhat. 

From  the  isohyetals  for  each  year  the  mean  depth  of  precipitation 
over  a  drainage  basin  is  computed.  From  them,  also,  the  number  of 
rain  gauges  necessary  in  a  basin  to  give  a  required  degree  of  precision 
of  rain  measurement  is  seen.  From  them,  too,  the  change  in  distribu- 
tion at  a  given  place  from  year  to  year  is  seen. 

The  author  gives  a  run-off  curve  for  the  Coast  Range  based  on  his 
study  of  the  rain  and  run-off  from  three  small  basins.  One  would 
naturally  expect  the  data  from  an  area  of  less  than  50  sq.  miles,  on 
which  the  rain  and  run-off  were  carefully  measured,  to  be  concordant 
and  give  a  well-defined  run-off  curve.  Such  is  not  true  for  this  case, 
however.  It  is  seen  that  all  the  points  representing  the  data  of  the 
Upper  Crystal  Springs  Basin  fall  to  the  right  of  the  author's  run-off 
curve,  and  five  of  the  seven  points  of  the  Pilarcitos  and  San  Andreas 
Basins  fall  to  the  left  of  this  curve.  It  is  clear  that  each  of  these 
three  basins  requires  a  run-off  curve  of  its  own,  if  the  computed  run- 
off is  to  have  a  reasonable  degree  of  accuracy. 

The  third  column  of  Table  5  gives  the  measured  run-off  from  the 
Upper  Crystal  Springs  Basin,  and  the  fourth  column  gives  the  run- 
off taken  from  this  curve.  The  latter,  for  the  11 -year  record,  is  88% 
greater  than  the  former. 
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TABLE    ."). —  llAlX    AND    IU'N-OfF   from    riTia;    CnVSTAI.    SrniNOS      Mr.  Mmpliy. 

J}AS1N. 


Year. 

Rain, 

Run-off, 

Run-off  from  curve. 

in  inches. 

1            in  inches. 

iu  inches. 

18T?-7M 

51.5 

1                  13.8 

J8.0 

78-79 

37.4 

'                    0.0 

8.5 

7<.l-*<0 

40.7 

1.1 

10.2 

80-81 

36.9 

0.0 

8.0 

81 -8a 

23.6 

1.3 

2.6 

82-83 

22.9 

1.4 

2.6 

m-M 

38.0 

4.3 

8.0 

84-85 

26.5 

1.8 

3.6 

85-86 

37.3 

9.5 

8.5 

86-87 

26.0 

3.1 

3.1 

87-88 

25.4 

4.2 

3.0 

Totals 

40.5 

76.1 

These  data  appear  to  show  that  run-off  curves  may  differ  by  a  large 
amount,  even  for  small  adjoining  basins  which  appear  to  be  similar. 

The  author's  illustration,  Fig.  2,  of  the  necessity  of  treating  drain- 
age basins  in  subdivisions,  in  computing  the  depth  of  rain,  is  apt.  It 
shows  the  need  of  a  large  number  of  precipitation  stations  in  a  basin. 

The  data  of  this  paper  show  clearly  that  run-off  computed  from 
precipitation  is  subject  to  very  large  errors. 

Edwin  Duryea,  Jr.,  M.  Am.  Soc.  C.  E.  (by  letter) . — Mr,  Grunsky  Mr.  Duryea. 
should  be  thanked  for  putting  the  results  of  his  long  investigation  of 
rainfall  and  stream  flow  near  San  Francisco  on  record  for  the  use  of 
other  engineers.  During  the  past  five  years  and  more  the  writer  has 
spent  most  of  his  time  on  similar  investigations — studies  of  the  rain- 
fall and  stream  flow  of  Coast  Range  and  Sierra  areas — with  a  view  to 
the  utilization  of  the  streams  for  water  supply,  power,  or  irrigation. 
His  work  has  included,  not  only  much  study  and  deduction  in  the 
office,  both  from  published  records  and  original  records  secured  in  the 
field,  but  also  the  establishment  of  more  than  130  rain  gauges  and 
about  20  stream-gauging  stations.  Therefore,  he  has  accumulated 
a  large  number  of  engineering  data  on  the  subject  of  California  rain- 
fall and  stream  flow,  and  feels  that  he  can  add  something  to  the 
value  of  Mr.  Grunsky's  paper  by  discussing  it.  However,  as  urgent 
work  prevents  putting  these  data  into  shape  for  publication  at  present, 
the  writer  is  obliged  to  restrict  his  discussion  of  Mr.  Grunsky's  paper 
to  comments  on  some  statements  from  which  he  differs,  hoping  to 
present  his  own  rainfall  and  stream-flow  studies  for  publication  some- 
what later. 

Referring  to  Mr.  Grunsky's  high-mountain  or  Sierra  Nevada  run- 
off curve,  the  writer  has  checked  its  correctness  quite  exhaustively,  and 
finds  it  to  be,  as  representing  a  nearly  minimum  run-off,  quite  an 
accurate  representation  of  Sierra  conditions.     He  cannot  agree  with 
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Mr.  Grunsky,  however,  that  it  represents  in  any  way  mean  values  of 
Sierra  run-off.  Independently,  the  writer  has  worked  up  the  rainfall 
and  run-off  relations  of  the  King,  Tuolumne,  Stanislaus,  Mokelumne, 
Cosumnes,  and  American  Eivers  for  all  rainfall  years  (September  to 
August,  inclusive)  previous  to,  and  including,  1906-07,  making  use 
of  all  published  and  many  unpublished  data,  and  of  isohyetose  lines 
and  numerous  base  rainfall  stations,  in  order  to  deduce  reasonably 
accurate  average  rainfalls  for  each  area  gauged  and  for  each  year. 
The  results  of  this  study,  expressed  as  points  plotted  on  rectangular 
co-ordinates,  representing  rainfall  and  run-off,  respectively,  are  com- 
prised in  79  points  showing  the  rainfall  and  its  resulting  stream  flow; 
and,  of  the  79  points,  only  9  fall  appreciably  below  Mr.  Grunsky's 
curve.  Of  these  9  points,  5  are  for  rainfalls  of  more  than  50  in.,  or  for 
years  of  such  high  rainfall  that  they  are  of  little  interest  as  affecting 
the  reliability  of  a  water  supply,  and  4  are  for  rainfalls  between  45  and 
50  in.  For  those  years  in  which  the  rainfall  is  less  than  45  in. — the 
only  years  of  practical  interest  in  connection  with  the  use  of  Sierra 
streams — Mr.  Grunsky's  curve  represents  the  worst  Sierra  run-off 
conditions  of  which  any  record  has  yet  been  secured,  and  not  mean 
conditions,  as   he  states. 

In  plotting  his  curves  with  respect  to  the  average  rainfalls  and 
stream  flows  of  groups  of  several  years,  instead  of  the  rainfalls  and 
stream  flows  of  each  separate  year  (rainfall  season),  Mr.  Grunsky  has 
departed  from  the  usual  meaning  given  to  run-off  curves  by  engineers, 
and,  in  the  writer's  opinion,  the  value  and  general  applicability  of  his 
curves  have  been  much  lessened  by  the  change.  In  nearly  all  investiga- 
tions for  city  water  supplies  (and  in  a  somewhat  less  degree  for 
power  and  irrigation  projects),  the  only  years  of  much  interest  are 
the  two  or  three  forming  the  period  of  least  run-off  or  stream  flow, 
generally  coincident  with  the  period  of  least  rainfall;  and  the  average 
water  production  for  several  years  is  not  usually  of  much  practical 
interest.  The  Spring  Valley  Water  Company's  Peninsular  system, 
however,  is  an  exception  to  this  general  rule,  as  the  small  area  fur- 
nishing the  supply  has  made  it  necessary  to  develop  so  great  a  storage 
that  the  floods  of  the  best  years  are  utilized  by  storing  the  water,  even 
for  ten  years,  until  it  is  needed  in  the  bad  years.  The  Crystal  Springs 
Reservoir,  which  has  been  in  use  nearly  20  years,  has  been  filled  but 
twice,  and  its  dam  is  as  yet  uncompleted  and  still  20  ft.  below  its 
proposed  ultimate  height.  It  is  doubtful  if  there  is  any  other  large 
system  with  such  excessive  storage;  and  rates  of  storage  and  of  daily 
supply  per  square  mile  derived  from  this  area  are  of  little  value  for 
general  application  elsewhere.  While  Mr.  Grunsky's  method  of  plot- 
ting his  Coast  Range  curve,  from  means  instead  of  from  yearly  run- 
offs, may  apply  well  enough  to  the  fully-developed  area  from  which 
the  data  are  derived,  this  could  have  been  achieved  as  well  by  a  curve 
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plotted  from  the  actual  yearly  run-oflfs,  and  the  data  would  then  have  Mr.  Duryea. 

been    more   safely    applicable   to    similar    areas    as   yet   undeveloped. 

The  danger  in  plotting  mean  instead  of  yearly  run-offs  lies  in  the 

minimizing  effect  thus  apparently  given  to  the  bad  influences  of  the 

years  of  least  run-off.    To  the  writer,  there  seems  to  be  no  justification 

for  applying  the  average  run-off  method  to  the  Sierra  streams,  as  yet 

undeveloped. 

It  is  to  be  regretted  that  Mr.  Grunsky's  two  run-off  curves  are 
shown  on  one  diagram,  as  the  mingling  of  the  symbols  relating  to  the 
Sierra  curve  with  those  relating  to  the  Coast  Range  curve  makes  it 
impossible  to  study  intelligently  the  relation  of  each  curve  to  its 
respective  data.  The  writer  has  found  it  necessary  to  use  a  separate 
diagram  for  each  run-off  curve  projected. 

Mr.  Grunsky's  statement  that  entering  his  run-off  curve  with  the 
average  rainfall  from  a  large  area  of  widely  varying  rainfalls  will 
give  too  low  a  run-off  is  true,  theoretically,  but  the  magnitude  of  the 
error  is  dependent  on  the  shape  and  rainfall  characteristics  of  each 
area,  and  is  generally  very  small.  Table  6  shows  this  error  for  six 
Sierra  rivers,  the  rainfalls  considered  being  the  mean  rainfalls  as 
shown  by  isohyetose  lines : 

TABLE  6. 


River  and  gauging  station. 


Area, 


square 
miles. 


Rdn-Offs,  by  Grunsky's 
CcRVE,  fkom: 


Average 
rainfall  of 
whole  area. 


King  River,  above  gangers 1  742 

Tuolumne  River,  above  La  Grange 1  557 

Stanislaus  River,  above  Knight's  Ferry.  935 

Mokelumne  River,  above  Clements 639 

COflUmnes  River,  above  Live  Oak  Sus- 
pension Bridge i  580 

American  River,  above  Fair  Oaks 1  925 


I  8.1  in. 
19.7  " 
20.2  " 
19.2    " 

j  20.7  " 
26.4    " 


Rainfall  of  parts 

between  10-in. 
isohyetose  lines,   j 


ei  -  a  w  t. 

£  C  O  V  « 

=  1.  a-  ^  s 

>  <-  3  4) 

OS  O  ^JS 


1.7% 
1.5% 


The  mean  rainfalls  on  the  King  River  area  vary  from  about  9  in. 

in  the  valley  to  44  in.  in  the  high  mountains,  those  of  the  Tuolumne 
River  from  about  16  to  57  in.,  the  Stanislaus  from  18  to  58  in.,  the 
Mokelumne  from  20  to  60  in.,  the  Cosumnes  from  26  to  perhaps  63  in., 
and  the  American  from  about  25  to  perhaps  65  in.;  yet  the  error  in 
run-off  from  entering  the  Grunsky  curve  with  the  average  mean  rain- 
fall of  each  entire  area  is  only  from  3  to  6%,  with  an  average  error 
of  only  4%  for  the  six  streams.  If  the  average  mean  rainfalls  of  the 
entire  areas  are  increased  by  from  1.5  to  3.3%,  with  an  average  in- 
crease of  2.2%,  the  run-off s  obtained  from  the  curve  will  then  equal 
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Mr.  Duryea.  those  resulting  from  dividing  up  each  area  into  from  five  to  nine 
parts  and  getting  the  run-off  of  each  part  separately.  Because  of  the 
small  error  shown  for  these  six  streams,  and  also  because  all  but 
minimum  run-offs  are  represented  as  vrell  by  percentages  of  the  rain- 
fall as  by  curves,  it  seems  that  only  in  very  unusual  instances  will  the 
treatment  of  large  areas  as  a  whole  cause  errors  in  the  resulting  run- 
off of  any  importance.  It  is  probable  that  the  streams  rising  on  the 
east  slopes  of  the  Sierra  Nevadas  and  flowing  into  the  Great  Basin 
are  exceptions  to  this  general  rule. 

essrs.  Haehi       H.  L.  Haehl,  Assoc.  M.  Am.  Soc.  C.  E.,  and  AsAHEL  C.  Toll,  Jun. 

and  Toll.  ^^_  g^^_  fj  -g^  ^j^y  letter).— The  difficulty  of  determining  the  mean 
rainfall  for  any  considerable  area  in  the  mountain  water-sheds  of  Cali- 
fornia is  well  recognized  by  hydraulic  engineers  having  to  deal  with 
water-supply  or  power  development  within  the  State.  This  difficulty, 
due  in  large  measure  to  the  great  variations  in  rainfall  conditions 
within  even  very  small  areas,  is  accentuated  by  the  fact  that  the  longest 
and  most  reliable  rainfall  records  are  those  from  valley  stations,  so 
that  all  local  records  have  to  be  amended  by  comparison  with  these 
longer  records  before  reliable  mean  seasonal  rainfalls  can  be  deduced 
for  the  mountain  stations,  and  even  then  it  remains  to  decide  how 
much  territory  is  represented  by  each  station. 

A  valuable  aid  in  this  determination  is  an  isohyetose  or  rainfall 
distribution  map  such  as  that  presented  by  the  author.  Such  a  map, 
based  on  all  available  data,  presents  in  graphic  form  all  known  facts 
of  the  distribution  of  rainfall  over  the  area  covered,  and  affords  a  ready 
means  of  judging  the  mean  seasonal  rainfall  at  any  point  or  for  any 
included  area.  The  writers,  having  access  to  many  data  not  available 
to  the  author  at  the  time  of  his  investigation,  have  worked  out,  for 
the  territory  covered  by  those  data,  a  revised  isohyetose  map ;  and  they 
present  herewith  the  results  of  their  studies  as  an  additional  contribu- 
tion to  the  knowledge  upon  this  subject  now  made  available  to  the 
profession. 

The  records  here  used  are  largely  the  results  of  recommendations 
made  in  1902  by  F.  S.  "Washburn,  M.  Am.  Soc.  C.  E.,  then  Consulting 
Engineer  to  the  Bay  Cities  Water  Company,  the  observations  having 
been  made  within  the  catchment  areas  of  that  company.  The  collec- 
tion of  these  and  other  data,  covering  evaporation,  humidity,  and 
stream  flow,  in  Santa  Clara  County,  as  well  as  the  other  engineering 
activities  of  that  company,  was  under  the  direction  of  Edwin  Duryea, 
Jr.,  M.  Am.  Soc.  C.  E.,  who  became,  and  for  several  years  continued 
to  be,  its  Chief  Engineer.  The  field  work  was  under  the  direct  super- 
vision of  H.  L.  Haehl  and  K.  F.  Cooper,  Associate  Members,  Am.  Soc. 
C.  E.,  as  Assistant  Engineers.  Unfortunately,  most  of  the  final  tabu- 
lations of  these  data,  together  with  the  various  studies  in  which  they 
were  used,  were  burned  in  the  San  Francisco  offices  of  the  company 
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during  the  Earthquake-fire  of  April,  1906,  and  the  work  of  collecting  Messrs.  Haehi 
and  re-compiling  the  large  mass  of  information,  preserved  in  the  field  **'"'  '^'""• 
offices  in  the  original  field  books  and  notes,  has  not  since  been  under- 
taken in  full.  It  is  hoped  that  the  records  covering  run-off,  evapora- 
tion, etc.,  in  Santa  Clara  County,  which  are  unusually  complete 
and  extensive,  may  at  some  time  form  the  basis  for  a  paper  before 
this  Society,  but,  owing  to  the  lack  of  time  for  putting  those  data  into 
presentable  form,  the  present  discussion  will  be  confined  principally  to 
the  question  of  rainfall  distribution. 

The  collection  of  rainfall  records  was  begun  in  December,  1902, 
when  24  rain  gauges  were  located  at  various  representative  points  in 
the  193  sq.  miles  of  catchment  area  of  the  Coyote  River.  In  Septem- 
ber, 1903,  at  the  beginning  of  the  rainfall  season,  1903-04,  24  addi- 
tional rain  gauges  were  set  on  the  Coyote  catchment  area;  22  on  the 
Uvas  and  Llagas  Creeks,  representing  53  sq.  miles  of  catchment  area; 
and  34  on  the  Arroyo  Honda  and  Arroyo  Valle  catchment  areas,  of  88 
sq.  miles.  Later,  several  additional  rain  gauges  were  located  at  various 
points  in  these  areas,  bringing  the  number  of  rainfall  stations  main- 
tained by  the  company  up  to  more  than  100 ;  and  with  the  stations  main- 
tained by  the  U.  S.  Weather  Bureau,  the  Southern  Pacific  Railway, 
Lick  Observatory,  and  a  few  individuals,  making  a  total  of  122  record 
stations  within  the  area  of  1  000  sq.  miles  shown  on  Plate  LX,  or  about 
1  to  each  8  sq.  miles.  Most  of  the  company's  records  were  discon- 
tinued in  1905,  but  some  have  been  brought  up  to  date  and  will  proba- 
bly be  continued  indefinitely.  The  periods  of  record  of  the  various 
gauges  are  given  in  Tables  8  to  13,  which  deal  with  their  records  and 
the  deductions  therefrom,  treating  them  in  groups  according  to  their 
location  and  the  similarity  of  their  rainfall  characteristics  to  those  of 
certain  nearby  stations,  the  longer-period  records  of  which  were  availa- 
ble for  use  in  this  study. 

1  The  position  and  extent  of  each  group  and  the  relation  of  the 
entire  area  here  considered  to  the  larger  area  covered  by  the  author's 
map  are  shown  by  Fig.  3,  which  shows  also  the  relative  location  of  the 
stations,  the  longer-period  records  of  which  were  used  in  deducing 
mean  seasonal  rainfalls  for  the  stations  with  short-record  periods. 
Upon  Plate  LX  are  shown  the  location  of  each  rain  gauge,  with  its 
deduced  mean  seasonal  rainfall,  and  the  isohyetose  lines  based  on  these 
data.  The  author's  isohyetose  lines  for  this  area  are  copied  from  his 
map  to  Plate  LX,  thus  presenting  a  ready  means  of  comparison 
between  the  author's  deductions,  based  on  data  available  in  1903,  and 
the  writers'  deductions,  based  on  later  and  more  complete  data  now 
available. 

Because  most  of  the  area  covered  by  these  records  was  uninhabited, 
it  was  not  possible  to  obtain  daily  rainfall  readings  for  many  of  the 
gauges.     Daily  records  were  procured,  as  far  as  possible,  however,  by 
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essrs.  Haehl  locating  gauges  where  they  could  be  observed  by  field  parties  engaged 
and  Toll.  -^^  stream  gauging,  surveying,  or  construction,  and  by  those  few  resi- 
dents whose  interest  could  be  sufficiently  aroused.  In  this  way  ten 
daily  records  were  secured,  in  addition  to  those  obtained  from  other 
observers,  such  as  the  Weather  Bureau,  the  Southern  Pacific  Kailway, 
etc. 

Owing  to  the  roughness  of  the  country  and  the  lack  of  wagon  roads, 
together  with  the  number  of  gauges  to  be  observed  and  the  distances 
between  them,  four  mounted  observers  were  constantly  employed  in 
reading  gauges,  with  a  fifth  assistant  for  part  of  the  time.  In  this 
way,  under  ordinary  conditions,  each  gauge  was  visited  at  intervals. of 


about  one  week.  By  special  effort,  during  periods  of  unusual  rainfall, 
it  was  possible  to  reduce  the  interval  to  4  or  5  days  for  most  of  the 
gauges,  while  some  few  could  not  be  reached  for  periods  of  several 
weeks  during  long-sustained  floods,  as  certain  streams  were  then  im- 
passable. Such  gauges  were  provided  with  large  overflow  tanks,  and 
in  this  way  complete  records  were  obtained. 

The  rain  gauges  were  of  the  standard  type  in  use  by  the  U.  S. 
Weather  Bureau,  except  that  they  were  somewhat  smaller,  being  3  in. 
in  diameter.  It  is  probable  that  the  records  are  generally  slightly  be- 
low the  true  rainfall,  owing  to  the  evaporation  from  the  gauge  dur- 
ing the  intervals  between  readings.     This  fact  is  best  seen  by  com- 


tiessrs.  Haehl 
and  loll. 
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paring  the  records  of  Gauges  42  and  43  at  Coyote,  which  were  read  MeHsro.  Haehi 
daily,  with  the  slightly  lower  records  from  the  large  number  of  gauges 
surrounding  them,  read  weekly.  The  condition  was  suggested  by  rec- 
ords elsewhere,  but  the  evidence  is  most  positive  in  this  locality,  due 
to  the  many  rainfall  records  observed  in  conjunction  with  evaporation 
records  in  this  neighborhood.  It  has  not  been  considered  necessary, 
however,  to  attempt  a  correction  of  the  records  for  loss  by  evaporation, 
because  the  error  introduced  is  slight. 

The  main  topographic  feature  of  the  region  here  considered  is  the 
Santa  Clara  Valley,  a  broad,  fertile  plain  extending  northeast  and 
southwest  midway  of  the  area.  Beginning  at  San  Francisco  Bay,  this 
valley  is  about  15  miles  in  width;  southeasterly  therefrom  it  gradually 
narrows  and  rises,  reaching  its  least  width  of  about  i  mile  at  Coyote, 
and  its  maximum  elevation  of  about  350  ft.  near  Morgan  Hill.  Beyond 
Coyote  it  widens  again  gradually  to  5  miles  at  Gilroy,  while  the  eleva- 
tion decreases  to  sea  level  at  Monterey  Bay.  The  influence  of  these 
changes  in  elevation  and  width  upon  the  rainfall  is  clearly  shown  on 
Plate  LX. 

The  greater  precipitation  shown  by  the  records  at  Coyote  and  Mor- 
gan Hill,  which  the  author  has  ignored  in  the  construction  of  his 
isohyetose  lines,  is  not  a  freak  of  these  particular  gauges,  but  the 
logical  result  of  existing  conditions,  as  the  numerous  additional  records 
here  presented  clearly  demonstrate.  Between  the  Santa  Clara  Valley 
and  the  Pacific  Ocean  to  the  westward  lies  the  Santa  Cruz  Range,  the 
crest  of  which,  within  the  area  under  consideration,  corresponds  closely 
to  the  county  line  shown  on  Plate  LX  as  part  of  the  boundary  of  the 
area.  This  range,  reaching  an  elevation  of  about  3  800  ft.,  is  the  first 
to  intercept  southwest  storms  from  the  ocean,  and  the  rainfall  upon 
it  is  the  greatest  within  the  area.  Lying  to  the  eastward  of  the  Santa 
Clara  Valley,  and  completing  the  area  here  considered,  is  the  Mount 
Hamilton  Range,  which  reaches  a  maximum  elevation  of  more  than 
4  000  ft.  This  range  consists  of  a  series  of  ridges,  having  a  northwest- 
southeast  trend,  separated  by  fault  valleys  or  canons  paralleling  the 
Santa  Clara  Valley,  which  also  occupies  the  basin  along  a  fault  zone. 

As  will  be  noted  by  reference  to  Plate  LX,  the  rainfall  upon  this 
range  is  much  less  than  upon  the  one  to  the  westward.  This  rainfall 
comes  for  the  most  part  with  southeast  winds  which  follow  the  axis  of 
the  valley  from  Monterey  Bay.  Of  the  moisture  carried  eastward  from 
the  sea  the  greater  portion  is  intercepted  by  the  Santa  Cruz  Range,  the 
remainder  being  precipitated  chiefly  at  the  higher  elevations  in  the 
Mount  Hamilton  Range. 

The  rainfall  throughout  this  territory,  as  the  author  has  pointed 
out,  occurs  chiefly  during  seven  months  of  each  season  (November  to 
May),  more  than  half  usu'ally  coming  during  December,  January,  and 
February.     There  is  seldom  any  precipitation  during  June,  July,  and 
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essrs.  Haehl  August.  A  light  fall  of  suow,  which  melts  rapidly,  usually  occurs  dur- 
ing each  season  at  the  higher  elevations  in  the  Mount  Hamilton  Eange, 
but  only  occasionally  does  snow  fall  in  the  Santa  Cruz  Range,  and 
very  seldom  has  any  fallen  in  the  foot-hills  of  either  range,  or  in  the 
valley.  As  a  consequence  of  the  uneven  distribution  of  rainfall  through 
the  season,  and  of  the  comparatively  steep  gradients  of  the  mountain 
stream  beds,  the  greater  part  of  each  season's  run-ofi  occurs  in  the 
winter. 

The  two  mountain  ranges  differ  radically  in  their  run-off  charac- 
teristics, due  no  doubt  to  the  difference  in  the  forestation  of  the  two 
areas.  The  Santa  Cruz  Range,  except  at  its  highest  elevations,  where 
chaparral  predominates,  sustains  an  abundant  growth  of  timber,  sup- 
ported, probably,  by  its  very  heavy  rainfall.  In  consequence,  the  flow 
of  its  streams  responds  less  rapidly  to  heavy  rainstorms,  and  remains 
well  sustained  through  the  dry  season  of  each  year.  The  extent  of 
forestation  in  the  Mount  Hamilton  Range  is  very  much  less,  for,  while 
the  canon  bottoms  and  protected  slopes  are  well  covered  with  trees  and 
underbrush,  a  considerable  portion  of  the  exposed  upland  sustains  only 
chaparral  or  grass.  It  follows,  naturally,  that  the  greater  part  of  the 
season's  stream  flow  in  this  range  occurs  in  torrents  which  rise  rapidly 
after  a  heavy  rainfall,  reach  their  maximum  flow  within  a  few  hours, 
and  entirely  recede  within  a  few  days;  and  also  that  the  summer  flow 
is  almost  negligible.  The  two  ranges  differ  greatly,  also,  in  the  volume 
of  run-off  from  like  areas  each  year,  due  probably  to  the  considerable 
difference  in  rainfall  intensity  in  the  two  districts. 

In  deducing  the  mean  seasonal  rainfalls  presented  on  Plate  LX, 
the  local  records  were  compared  with  the  58-season  record  at  San  Fran- 
cisco, that  being  the  only  nearby  record  of  more  than  35  seasons'  length, 
and  the  longest  record  in  this  part  of  the  State.  For  many  of  the  rain 
gauges,  owing  to  their  short  period  of  record,  it  was  necessary  to  make 
this  comparison  indirectly,  comparing  the  gauge  records  directly  with 
those  at  nearby  stations,  and  through  the  medium  of  their  longer- 
period  records  a  better  basis  of  comparison  was  obtained.  To  deter- 
mine what  records  to  use  in  this  intermediate  capacity,  a  preliminary 
study  was  made  of  the  characteristics  of  rainfall  throughout  the  area. 
This  study  involved  a  comparison  of  the  rainfall  at  various  rain 
gauges  in  all  parts  of  the  area  with  the  rainfall  at  the  possible  base 
stations,  including  the  comparison  of  the  records  for  each  of  the 
heavier  storms  as  well  as  of  the  seasonal  totals.  The  purpose,  here,  of 
course,  was  to  determine,  not  what  base  station  or  combination  of  sta- 
tions had  the  same  quantity  of  rainfall  as  the  rain  gauges  involved,  but 
rather  what  stations  were  affected  by  the  same  storms  and  had  records 
showing  an  approximately  constant  ratio  to  the  gauge  record.  This 
study  gave  a  very  good  basis  for  the  selection  of  those  base  stations 
which  would  afford  the  most  accurate  means  of  deduction. 
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From  this  preliminary  study  and  the  writers'  personal  knowledge  Messrs.  Haeh 
of  the  distribution  of  storms  and  the  physical  conditions  influencing      *"^'  ^""• 
rainfall  within  the  region,  the  rain  gauges  were  divided  into  groups  as 
follows : 

Group  I. — Rain  gauges  on  the  upper  reaches  of  the  Coyote  River,  in 
mountains  ranging  from  1  200  to  2  800  ft.  in  elevation,  the  records  for 
which  corresponded  very  closely  in  their  rainfall  distribution  with  the 
mean  between  Gilroy  and  Lick  Observatory  records. 

Group  II. — Rain  gauges  on  the  lower  reaches  of  the  Coyote  River, 
on  the  San  Felipe  catchment  area,  and  in  the  Santa  Clara  Valley, 
ranging  in  elevation  from  1  900  down  to  240  ft.,  the  records  of  which 
show  the  same  laws  of  distribution  as  the  mean  between  the  San  Jose 
and  Gilroy  records. 

Group  m. — Rain  gauges  in  the  Santa  Cruz  Mountains  between 
the  Santa  Clara  Valley  and  the  summit  in  the  neighborhood  of  Loma 
Prieta,  including  the  catchment  areas  of  the  Uvas  and  Llagas  Creeks, 
with  elevations  varying  from  300  to  3  800  ft.  Rainfalls  recorded  by 
these  gauges  correspond  at  times  to  the  mean  of  the  Lick  Observatory 
and  Los  Gatos  records,  at  other  times  to  the  mean  of  the  Gilroy,  Santa 
Cruz,  and  Los  Gatos  records,  while,  for  the  period  of  record  at  the 
majority  of  the  gauges  of  the  group,  the  mean  of  records  at  all  four 
stations  (Lick  Observatory,  Gilroy,  Santa  Cruz,  and  Los  Gatos)  gives 
a  very  reliable  basis  of  deduction. 

Group  IV. — Rain  gauges  in  the  Arroyo  Honda  catchment  area,  near 
Mount  Hamilton,  at  elevations  from  2  200  to  3  600  ft.,  and  on  the  head- 
waters of  San  Felipe  Creek  at  1  400  and  2  200  ft.  elevation,  the  records 
of  which  correspond  in  their  seasonal  fluctuations  with  the  mean  of  the 
Gilroy,  Lick  Observatory,  and  Livermore  records. 

Group  V. — Gauges  in  the  Arroyo  Valle  catchment  area,  at  eleva- 
tions varying  from  1  800  to  2  600  ft.,  for  which  the  best  basis  of  deduc- 
tion was  found  to  be  the  mean  of  the  Gilroy,  San  Jose,  Livermore, 
Westley,  and  Lick  Observatory  records. 

The  location  of  the  areas  containing  the  groups  of  gauges  just 
cited  is  shown  on  the  map.  Fig.  3,  together  with  the  positions  and  eleva- 
tions of  the  various  base  stations  selected.  The  conclusions  as  to  simi- 
larity in  rainfall  variations  between  the  gauges  of  each  group  and  the 
base  stations  chosen  in  each  case  will  be  seen  to  find  further  general 
justification  from  their  relative  locations  on  this  map. 

Having  determined  what  stations  would  be  used  as  intermediate 
base  stations,  their  58-season  mean  rainfall  was  deduced  by  comparing 
their  mean  seasonal  rainfall  for  their  period  of  record  with  the  mean 
seasonal  rainfall  at  San  Francisco  for  the  same  period,  and  assuming 
that  the  relation  between  these  means  also  existed  between  the  58- 
senson  means.  No  single  record  of  San  Francisco  rainfall  could  be 
used  for  this  comparison,  the  only  available  record  extending  back  to 
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Messrs.  Haehi  1849  (that  published  by  the  U.  S.  Weather  Bureau)  being  a  composite 
made  up  of  records  kept  successively  at  six  different  points  in  San 
Francisco.  The  first  four  of  these  places,  having  records  covering  the 
period  from  1849  to  1892,  had  sufficiently  similar  rainfall  conditions  to 
warrant  their  being  considered  as  one  station;  but  the  last  two,  with 
records  covering  the  period,  1892-1907,  being  on  the  roofs  of  high 
buildings,  had  conditions  so  dissimilar  to  those  of  the  first  four  that 
the  use  of  their  records  in  the  same  series  with  the  earlier  records 
would  give  an  erroneous  mean  seasonal  rainfall  for  San  Francisco  and 
a  false  basis  for  the  deduction  of  the  mean  seasonal  rainfall  at  other 
stations,  the  shorter-period  records  of  which  are  lengthened  by  compari- 
son with  the  San  Francisco  record,  and  means  thereby  determined. 

It  is  to  be  regretted  that  in  a  publication  of  the  character  of  Bulle- 
tin L*  of  the  U.  S.  Weather  Bureau  no  mention  is  made  of  the  sources 
of,  and  the  conditions  affecting,  the  reliability  of  the  San  Francisco 
record  there  published,  especially  in  view  of  the  very  noticeable  and 
vv-ell-recognized  difference  between  records  taken  at  or  near  the  gi'ound, 
and  those  taken  at  considerable  elevation  above  the  ground  in  the 
same  locality.  The  author  has  called  attention  to  the  fact  that  the 
Weather  Bureau  record  as  published  could  not  be  used  safely,  and  in- 
dicated his  method  of  avoiding  error  due  to  its  use.  It  is  unfortunate 
that  he  was  not  able  to  pubHsh  the  composite  record  used  by  him,  to- 
gether with  those  records  which  were  the  basis  for  it.  In  recent  cor- 
respondence with  the  writers  he  pointed  out  further  the  break  in  the 
Weather  Bureau  record  just  referred  to,  and  cited  in  full  the  various 
records  used  by  him  in  forming  his  composite  record,  though  he  was 
unable  to  supply  a  copy  of  any  of  these.  An  attempt  to  collect  these 
records  developed  the  fact  that  some  of  them  were  destroyed  in  the 
Earthquake-fire  of  1906. 

The  writers,  therefore,  have  deduced  a  continuous,  comparable 
San  Francisco  record  on  a  different  basis  from  that  used  by  the  author. 
The  record  sought  was  not  one  which  should  necessarily  show  the  true 
mean  rainfall  for  San  Francisco,  but  one  which  would  be  strictly  com- 
parable to  outside  records;  in  other  words,  a  record  in  which  each 
season  should  bear  the  correct  ratio  to  the  mean;  such  ratio,  and  not 
the  absolute  record,  being  of  importance  as  the  basis  for  lengthening 
outside  shorter-period  records  to  the  58-season  period,  and  obtaining 
comparable  long-time  means.  As  has  been  previously  pointed  out,  the 
published  Weather  Bureau  record  falls  short  of  this  requirement  by 
reason  of  the  changed  conditions  governing  it  after  1892.  However, 
careful  rainfall  records  were  kept  in  San  Francisco  by  Mr.  John  Pettee, 
under  favorable  and  unchanging  conditions,  covering  27  seasons  prior 
to  1892  and  9  seasons  thereafter;  and  these  records  form  a  good  basis 
for  the  correction  of  the  Weather  Bureau  record.  Fortunately,  these 
Pettee  records  are  available  in  permanent  form,  having  been  published 

*  "  Climatology  of  California.' 
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in  Bulletin  L,  U.  S.  Weather  Bureau.  As  will  be  seen  by  reference  to  Messrs.  Haehi 
Table  7,  Column  4,  the  Pettee  records  bore  a  reasonably  constant  rela- 
tion to  the  published  Weather  Bureau  records  prior  to  1892,  which 
relation  for  the  entire  period,  1865  to  1892,  was  97.2  per  cent.  Im- 
mediately following  the  removal  of  the  Weather  Bureau  gauge  to  the 
roof  of  the  ^lills  Building,  in  1892,  this  relation  increased  suddenly, 
and,  for  the  9  seasons  following,  averaged  134.4  per  cent.  The  change 
of  relation  is,  of  course,  a  measure  of  the  effect  of  change  of  elevation 
and  location  upon  the  Weather  Bureau  record,  the  Pettee  record  being 
consistent  throughout. 

To  obtain  a  consistent  58-season  record  for  San  Francisco,  accept- 
ing the  Weather  Bureau  rainfall  as  published  up  to  1892,  a  record  from 
1892  to  1907  was  deduced,  therefore,  which  as  a  whole  bears  the  same 
relation  to  the  Pettee  records  as  was  borne  during  the  27-year  period 
prior  thereto,  the  rainfall  varying  in  the  individual  seasons  with  the 
observed  Weather  Bureau  records.  The  resulting  record  made  use  of 
in  the  deductions  of  means  el>;( 'where  is  given  in  Table  7,  together  with 
the  full  data  used  and  the  intermediate  steps  taken. 

The  rainfalls  shown  in  Column  2  of  Table  7  are  taken  from  an  ad- 
vance sheet  published  by  the  San  Francisco  office  of  the  U.  S.  Weather 
Bureau  in  1908,  as  the  San  Francisco  rainfall.  This  record  is  a  com- 
posite, stated  by  Professor  A.  G.  McAdie,  under  whose  direction  it  was 
published,  to  be  the  record  kept  by  Mr.  Thomas  Tennent,  maker  of 
nautical  instruments,  from  1849  to  1871,  and  the  U.  S.  Signal  Service 
and  U.  S.  Weather  Bureau  records  thereafter.  These  records  were 
obtained  under  similar  conditions  from  1849  to  1892.  The  records  from 
1892  to  1907,  however,  form  a  series  not  comparable  with  the  records 
for  the  earlier  period. 

The  rainfalls  shown  in  Column  3  are  taken  from  Bulletin  L,  TJ.  S. 
Weather  Bureau,  and  represent  a  record  of  rainfall  in  San  Francisco, 
carefully  kept  by  IMr.  John  Pettee  at  a  single  gauge,  near  the  ground, 
under  unchanging  conditions. 

The  percentages  in  Column  4,  showing  the  relations  between  sea- 
sonal rainfalls  in  the  continuous  and  the  discontinuous  record,  clearly 
illustrate  the  break  of  1892  in  the  Weather  Bureau  record,  and  indicate 
means  of  deducing  a  continuous  record  for  the  entire  period  from  1849 
to  1907. 

Column  5  shows  the  Pettee  record  lengthened  to  cover  the  58  seasons 
by  the  use  of  two  assumptions :  (1)  That  the  Pettee  record  would  have 
shown  the  same  relation  to  the  U.  S.  Weather  Bureau  record  from  1849 
to  1865  which  it  did  show  for  the  period,  1865-1892;  (2)  That  for  the 
seasons,  1901-02  to  1906-07,  the  Pettee  record  bore  to  the  TJ.  S.  Weather 
Bureau  record  the  relation  shown  for  the  period  1892-1901.  (See 
Column  4.) 

Column  6  shows  the  deduced  San  Francisco  record.     This  is  the 
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Messrs.  Haehl  TABLE     7. — DEDUCTION     OF     A      CONTINUOUS,      COMPARABLE,     RaINFALL 

and  Toll.  _  _         _  „ 

Kecord  for  San  Francisco,  Cal. 


(Ij 

«, 

(3) 

(4) 

Recorded  Rainfall, 

IN    iNCHEa. 

Percentage 
relation  : 

1 

United  States 

Pettee 

Season  or 

Pettee. 

period. 

Bureau. 

U.  S.  W.  B. 

Season.*  Toial 

Season.*  Total 

1849-50 

&3.10 

50-51 

7.44 

51-52 

18.44 

52-53 

35.30 

53-54 

23.84 

1 

54-55 

23.75 

! 

55-56 

21.68 

56-57 

19.94 

57-58 

21.97 



58-59 

22.03 

59-60 

22.46 

60-61 

l'J.51 

1        

61-62 

49.27 

63-63 

13.74 

63-64 

10.29 

64-65 

24.52 

(assumed ) 

1849-65 

367.28 

97.3 

1865-66 

22.93 

23.57 

103.7 

66-67 

34.92 

35.94 

102.9 

67-68 

38.84 

40.62 

104..  5 

68-69 

21.35 

20.66 

96.7 

69-70 

19.31 

20.12 

104.2 

70-71 

14.13 

13.12 

92.9 

71-72 

30.77 

28.89 

93.9 

72-73 

15.74 

19.59 

124.4 

73-74 

24.64 

24.50 

99.4 

74-75 

20.56 

18.15 

88. .S                 ; 

75-76 

31.21 

28.31 

90.7 

76-77 

11.04 

9.98 

90.4 

77-78 

35.17 

32.80 

93.2 

78-79 

34.46 

22.14 

90.5 

79-«0 

26.63 

23.61 

88.6                 I 

80-81 

39.86 

27.24 

91.2 

81-82 

16.14 

15.83 

98.0 

82-83 

20.12 

19.59 

97.3 

83-84 

32.42 

29.18 

90.0 

84-85 

18.18 

17.07 

94.2                 1 

85-86 

31,S0 

28.75 

91.2                 ! 

86-87 

J8.S3 

16.68 

88.6 

87-88 

16.75 

16.95 

101.1 

88-89 

23.85 

24.25 

101.6 

89-90 

45.86 

46.43 

101.2 

90-91 

17.68 

18.74 

106.5 

91-92 

18.41 

20.13 

10S.9 

1865-92 

661.23 

642.84 

97.2 

(5) 


(6) 


Deduced  Rainfall,  in  Inches. 


Pettee. 


San  Francisco. 


Season.*  Total.   Season.*  Total 


357.07 


643.84 


33.10 
7.44 
18.44 
35.30 
2:^.84 
23.75 
21.68 
19.94 
21.97 
22.03 
22.46 
19.51 
49.27 
13.74 
10.29 
24.52 


22.93 
34.92 
38.84 
21.135 
19.31 
14.13 
30.77 
15.74 
24.64 
20.56 
31.21 
11.04 
35.17 
24.46 
26.63 
29.86 
16.14 
20.12 
32.42 
18.12 
31.50 
18.82 
16.75 
23.85 
45.86 
17.68 
18.41 


367.28 


*  The  season  here  u?ed  is  from  September  to  August,  inclusive. 
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TABLE  7.— (Continued.) 


(1) 

(8) 

(3) 

(4) 

(5) 

<6) 

Recorded  Rainfall, 
IN  Inches. 

PercentaRe 

Deduced  Rainfall,  in 

Inches. 

Season  or 
period. 

United  States 
W eat he  I 
Bureau. 

Pet  tee. 

relation: 

Pettee 

U.  S.  W.  B. 

Pettee. 

Sau  Fi 

ancisco. 

Season.*  Total. 

Season.*  Total. 

Season.*  Total. 

Season 

*  Total. 

1893-93 

21.77 

27.15 

124.7 

80.09 

9S-94 

18.45 

24.44 

132.5 

S« 

25.51 

94-95 

25.71 

34.94 

135.8 

35.55 

i? 

95-96 

21.37 

29.45 

137.8 

fug 

29.54 

OJ 

90-97 

23.30 

30.91 

132.6 

32.21 

fe 

97-98 

9.38 

13.*? 

147.4 

S-g 

12.97 

'.18-99 

16.87 

2:1.96 

142.0 

©•a 

23.32 

99-1 10 

18.47 

25.40 

137.5 

Bt 

25.53 

i^ 

00-01 

21.17 

27.11 

128.1 

CO  4> 

29.25 

S 

1892-1901 

176.49 

237.19 

134.4 

237.19 

26.24 

X 

1901-02 

18.98 

25.50 

« 

02-03 

18.28 

24.58 

25.27 

'$■ 

03-M 

30.67 

27.78 

38.58 

m 

04-05 

23.37 

31.41 

32.31 

05-06 

20.61 

27.71 

28.49 

D 

06-07 

25.98 

(assumed) 

34.90 

35.91 

II 

1901-07 

127.89 
304.38 

134.4 

171.88 

1892-1907 

409.07 

420.77 

1849-1907 

1  332.89 

...... 

1  408.98 

1449.28 

58-Season  M 

ean         22.98 

24.29 

24.99 

Messrs.  Haehl 
and  Toll. 


*  The  season  here  used  is  from  September  to  August,  inclusive. 

same  as  the  U.  S.  Weather  Bureau  record  in  Column  2  from  1849  to 
1892.  The  rainfall  from  1892  to  1907  is  deduced  on  the  assumption 
that  the  deduced  Pettee  rainfall  in  Column  5  bears  the  same  relation 
to  the  deduced  San  Francisco  rainfall  for  the  period  1892-1907  as  it 
bears  for  the  period,  1849-1892  (97.2%).  Since  this  deduced  Pettee 
rainfall  is  134.4%  of  the  U.  S.  Weather  Bureau  recorded  rainfall  for 
the  later  period,  it  follows  that  the  relation  between  the  deduced  con- 
tinuous San  Francisco  rainfall  and  the  recorded  U.  S.  Weather  Bureau 
rainfall  for  the  period,  1892-1907,  is  134.4  -^  97.2  =  138.3  per  cent. 
This  percentage  relation  is  applied  to  each  season's  record  from  1892-93 
to  1906-07,  given  in  Column  2,  to  obtain  that  given  in  Column  6. 

As  understood  from  Mr.  Grunsky's  paper,  the  San  Francisco  record 
used  by  him  was  an  average  of  all  available  records  for  each  season,  the 
number  of  records  varying  from  season  to  season,  in  some  cases  being 
but  one  and  in  others  as  many  as  five.    It  is  believed  that,  for  the  end 
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Messrs.  Haehi  sought,  the  method  followed  by  the  writers  is  more  logical,  though  pos- 
sibly less  representative  of  the  mean  rainfall  in  San  Francisco. 

The  mean  seasonal  rainfall  for  each  locality,  as  given  on  Plate 
LX,  was  deduced,  in  the  same  manner  as  for  base  stations,  by  com- 
paring the  total  recorded  rainfall  at  the  gauge  with  the  total  for  the 
same  period  shown  by  the  mean  of  the  base  stations  used.  It  was  thought 
best  not  to  determine  and  compare  short-period  means,  but,  instead, 
to  make  the  comparisons  by  totals  in  this  case,  since  two  sets  of  frac- 
tional seasons  were  used,  namely:  (1)  January  to  August,  1903,  in- 
clusive, for  22  gauges  having  readings  which  were  begun  in  December, 
1902,  and  (2)  September,  1907,  to  March,  1908,  inclusive,  for  5  gauges 
having  records  which  were  available  up  to  the  latter  date.  The  stations 
having  long-period  records  which  were  here  used  as  the  basis  of  deduc- 
tion are  given  in  Table  8,  together  with  the  period  and  length  of  each 
record  and  the  steps  taken  in  deducing  the  58-season  mean  from  the 
record  at  San  Francisco.  In  Tables  9  to  13  are  given  the  records  for 
gauges  in  Groups  I  to  V,  respectively.  These  tables  contain  also  the 
elevations  of  each  gauge  (obtained  in  most  cases  by  repeated  aneroid 
readings  and  hence  fairly  reliable),  the  number  of  seasons  of  record, 
and  the  steps  taken  in  deducing  each  long-period  mean,  as  has  just  been 
explained. 

TABLE  8. — Long-Period  Mean  Seasonal  Eainfall  Deductions. 

Base  Stations. 

Using  San  Francisco  Record  as  Basis. 


(1) 

(2) 

(3) 

(4)        '              (5) 

(6) 

(7) 

station. 

Period 

of 
record. 

Number 

of 
seasons. 

Mean  Seasonal 

Rainfall  fok  Period 

OF  Station  Record, 

IN  Inches. 

Per- 
centage 
relation: 
Col.   4 
Col.  5 

Deduced 
58-season 

mean 
at  station, 
in  inches. 

At 
station. 

At 
San  Francisco. 

San  Francisco 

Santa  Clara....  ] 
San  Jos6 

'49  50  to  '06-07 

'81-82  "  'W-85 
■87-HR  "  '06-07 
'74-75  "  '06-07 

58 

33 

22 
29 
33 
26 

18 

24.99 

16.33 

15.12 
34.09 
27.28 
30.10 
32.77 

15.76 

10.74 

24.99 

26.25 

26.10 
27.06 
26.31 
26.10 
26.23 

25.89 

27.93 

100. Oi!^ 
62.2 

57.9 
125.9 
103.6 

77.0 
124.8 

60.8 

38.4 

24.99 
15.55 
14.47 

Los  Gatos 

Santa  Cruz 

Gilroy 

Lick  Observatory 

Livermore j 

Westley 

'85-86  "  '06-07 
'78-79  "  '06-07 
'74-75  "  '06-07 
'81-82  "  -06-07 
'71-72  "  '00-01 
'02-03  "  '06-f'7 
'89-90  "  '06-07 

31.46 
25.90 
19.24 
31.20 

15.20 

9.60 

Having  located  all  the  available  rainfall  record  stations  on  Plate 
LX,  the  isohyetose  lines  were  drawn  in  the  manner  described  by  the 
author,  giving  due  weight  to  each  record  in  accordance  with  its  length 
and  the  influence  of  its  known  location  upon  its  value  as  a  representa- 
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tive  record.  It  may  be  noted  that  in  very  few  instances  are  the  local  .Messrs.  HaeUi 
records  at  great  variance  with  the  isohyetose  lines  as  drawn.  The  most  »nd  Toil, 
notable  instance  of  such  disagreement  is  Gauge  No.  3  on  the  Upper 
Coyote,  surrounded  by  gauges  showing  means  varying  from  20  to  30 
in.,  and  yet  giving  by  its  record  only  15.6  in.  This  difference  is  not 
due  to  any  misreading  of  the  gauge,  for  the  record  consistently  bears 
about  the  same  ratio  to  records  of  neighboring  gauges  for  every  storm, 
and  no  reason  is  apparent  for  its  disagreement.  Other  examples  of  dis- 
agreement are  Gauge  No.  84  and  Gauge  No.  51,  the  latter  located  at 
Tennent.  The  Tennent  gauge  has  been  given  considerable  weight  on 
account  of  its  longer  record,  though  it  is  seemingly  much  too  low,  and 
nothing  is  known  to  the  writers  concerning  the  care  with  which  it  was 
located  or  observed. 

A  study  of  the  isohyetose  lines  on  Plate  LX  will  show  how  greatly 
the  topography  affects  the  distribution  of  rainfall.  The  effect  of  the 
gradual  rise  in  the  valley  floor  toward  Morgan  Hill  has  been  referred 
to,  and  attention  is  called  to  the  variations  in  the  lines  of  equal  rain- 
fall caused  by  the  ridge  extending  northeasterly  from  Loma  Prieta, 
the  variation  being  more  accentuated  by  the  influence  of  the  Uvas 


TABLE  9. — Long-Period  Mean  Seasonal  Rainfall  Deductions. 

Group  I;  Gauges  1-19. 
Using  Mean  of  Gilroy  and  Lick  Observatory  Records  as  Basis. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6)       1         (7) 

Gauge  No. 

(with 

approximate 

elevation). 

Period 

of 
record. 

Total  Recorded 

Raijtfall  for 

Period  of  Gauge 

Record, 

IN  Inches. 

Relation: 
Col.  8 
Col.  4 

58-Seasos  Mean, 
IN  Inches. 

A  f       Mean  of 
sauU        base 
^^"Se.    stations. 

For  base 
stations. 

For 

gauge 

(deduced). 

1  (1870) 

2  (1800) 

3  (2730) 
4 

5  (2440) 

6  (2500) 

7  (2800) 

8  (1350) 

9  (1720) 

10  (2230) 

11  (1490) 

12  (1240) 

13  (1220) 

14  (2720) 

15  (1210) 

16  (1200) 
17 

18  (2780) 
19 

Jan.  '03- Aug 

Sep.  "OS-Aug 
Sep.  '03-Aug 
Jan.  '03- 

Sep.  '03- 
Sep.  '99— Aug 

■05 

'06 
'05 

.'06 

2}^  Seasons. 

2^          " 

18          '^- 

214 

H    :: 

2}| 

P    :: 

2 

2 

7 

80.46 
82.69 
43.02 
55.50 
61.51 
61.23 
67.93 
54.40 
68.26 
63.60 
97.26 
47.59 
67.69 
69.71 
66.82 
68.82 
59.58 
50.01 
113.48 

69.44 

■69;44 

85.84 
51.92 
69.44 

'69!44 
51.92 
51.92 

182.02 

115.80/0 
119.0 

61.9 

79.9 

88.6 

88.2 

97.8 

78.3 

98.3 

91.6 
113.3 

91.6 

97.5 
100.4 

96.2 

99.1 
114.8 

96.3 

62.3 

25.22 
'25;22 

29.2 
30.0 
15.6 
20.2 
22.3 
22.2 
24.7 
19.8 
24.8 
23.1 
28.6 

Mi 

25.3 
24.3 
25.0 
29.0 
24.3 
15.7 
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Messrs.  Haehl       TABLE    10. — LoNG-PeRIOD    MeaN    SEASONAL    RaINFALL    DEDUCTIONS. 
and  Toll. 

Group  II;  Gauges  20-51. 
Using  Mean  of  Gilroy  and  San  Jose  Records  as  Basis. 


(1) 

(2) 

(3)     1        (4) 

(5) 

(6) 

(7) 

ige  No. 
with 
jximate 
atioii). 

Period 

of 
record. 

Total  Recorded 

Rainfall  for 

Period  of  Gauge 

Record. 

IN  Inches. 

s 
£-0-3 

58-Season  Mean. 
IN  Inches. 

At 
gauge. 

Mean  of 

base 
stations. 

n 

For  ba.se 
stations. 

For 

gauge 

(deduced). 

20  (1050) 

21 

22 

23  (750) 

24  (650) 

25  (640) 

26  (1250) 

27  (1300) 

28  (1560) 

29  (1870) 

30  (440) 
31 

32  (350) 

33  (345) 
34 

35  (1175) 

36 

37  (310) 

38 

39  (248) 

40  (246) 

41  (242) 

42  (248) 

43  (255) 

44  (310) 

45  (250) 

46  (300) 
47 

48 
49 
50 
51   (325) 

Jan.  '03- Aug.  "05 
Sep.  "03-        '• 

Jan.  '03- 

Sep.  OS- 
Jan.  '03- 

'•      -Aug.  '06 
Sep.  OS-Aug.  '05 
••       -Mar.  '08 
'•      -Aug.  '05 
Sep.  "99- Aug. '04 
Jan.  -03- Mar.  '08 
Sep.  "OS-Aug.  "05 

"       -Aug.  '07 
"       -Aug.  '05 
"       -Aug.  '07 

Jan.  "OS-Aug.  '05 

Sep  '03- 

••      -Mar.  '08 

Sep.  •99-Aug.  '04 

Sep.  -OS-Aug.  07 

'•      -Aug.  -06 
Sep.  '04-Aug   '05 

Sep.  '78-Aug.  '94 

2HSea 
2 

2 
2J6 

in 

5 
2 
5 

l« 

2 
2 
4 
2 

h 

5 
5 
4 
4 
3 
1 
1 
1 
1 
16 

sons. 

57.63 
37.67 
37.01 
52.16 
50.44 
38.36 
59.57 
57.85 
89.26 
46.78 

118.35 
39.43 

135.67 

130.51 
30.04 
34.45 
34.44 
81.47 
32.79 
76.56 
44.94 
33.74 
98.37 

117.32 
77.50 
80.61 
53.37 
18.01 
19.64 
20.35 
21.96 

239.04 

46.36 
34.97 
34.97 
46.36 
46.. 36 
34.97 
46.36 
46.36 
68.62 
34.97 
95.11 
34.97 
100.36 
106.50 
34.97 

■34!97 
83.09 
34.97 
83.09 
46.36 
34.97 
95.11 

100.36 
83.09 
83.09 
57.24 
20.48 

'26.'48 
280.33 

\2AAH 

107.6 

105.9 

112.5 

108.9 

109.6 

128.4 

124.8 

130.0 

133.8 

124.4 

112.8 

135.2 

122.5 

85.9 

98.5 

98.5 

98.0 

93.7 

92.2 

96.9 

96.4 
103.4 
116.9 

93.3 

97.0 

93.3 

87.9 

96.0 

99.4 
107.2 

85.3 

16.86 


'ih'.m  j 

21.0 
18.2 
17.8 
19.0 
18.4 
18.5 
21.7 
21.1 
21.9 
22.6 
21.0 
19.0 
22.8 
20.7 
14.5 
16.6 
16.6 
16.5 
15.8 
15.5 
16.3 
16.2 
17.4 
19.7 
15.7 
16.4 
15.7 
14.8 
16.2 
16.8 
IS.l 
14.4 

117  *(195) 

Sep.  •97-Aug.  '04 

7           "            97.34 

1 

*142.98        68.0 

*22.96          15.6 

♦Also  Gauge  117,  using  mean  of  San  Jos4  and  Los  Gatos  records  as  basis. 

Creek  Canon,  paralleling  the  ridge  to  the  south.  It  may  be  noted,  fur- 
ther, that  the  series  of  fault  canons  in  the  Mount  Hamilton  Range  have 
decidedly  influenced  the  distribution  of  rainfall  in  that  region.  These 
effects  of  the  topography  are  not  only  shown  by  the  records  here  pre- 
sented, but  are  known  to  the  inhabitants  of  the  region,  and  have  been 
recognized  by  the  writers  from  general  observations  extending  through 
several  years. 
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TABLE   11. — Long-Period  Mean   Seasonal  Kainfall   Deductions.    Messrs.  Haehi 
Group  III;  Gauges  52-78.  an.iToii. 

Using  Mean  of  Gilroy,  Lick  Observatory,  Santa  Cruz,  and  Los 
Gatos  Records  as  Basis. 


(')     1 

(2) 

1 

(3) 

l4>  -1      (5) 

_           1          _     J 

(0)       j 

(7) 

Total  Recorded 

.58-SEA80N  Mean, 

u 

Rainfall  for  Pe- 
riod OF  Gaige 

1 

IN  In 

CHES. 

Z  n  P  c 

Record,  in 

OW  ■* 

*>  --  '3  "2 

Period  of  record. 

Inches. 

1 

So  o 
(6 

feSf 

-      ^« 

At 

1 
Mean  of 
base 

^§1 

gauge. 

stations. 

96.2Jf 

53       (360) 

Sep.  '06-Mar.  '08 

2  Seasons 

55.25 

.57.45 

26.95 

25.9 

53 

Sep.  "gS-Aug.   02 

10 

377.40 

277.64 

135.9 

36.6 

54       (535) 

Sep.  "OlJ-Aug.   05 
Sep.  '0«-Mar.  '08 

1-    ■■ 

125.45 

115.77 

108.4 

29.2 

55       (:i60) 

Sep.  ■03-Aug.  '05 

2 

62.18 

58.-32 

106.6 

28.7 

56       (640) 

2 

47.05 

80.7 

21.7 

57       (470) 

2 

78.67 

135.0 

36.4 

58       (460) 

2 

60.40 

103.6 

27.9 

59       (580) 

2 

40.91 

70.1 

18.9 

60       (340) 

2 

55.72 

95.5 

25.7 

HI       (690) 

2 

47.92 

82.2 

22.2 

62       (845) 

2 

79.55 

136.5 

36.8 

63       (880) 

2 

60.70 

104.2 

28.1 

64       (620) 

2 

53.55 

91.8 

24.7 

65  (1  900) 

2 

115.75 

198.5 

53.5 

66       (965) 

2 

95.50 

163.8 

44.2 

67       (660) 

2 

45.51 

78.0 

21.0 

68       (732) 

2 

48.90 

83.9 

22.6 

69       (730) 

2 

48.51 

83.2 

22.4 

70       (930) 

2 

76.73 

131.6 

35.5 

71 

2 

87.54 

150.2 

40.5 

72  (1  190) 

2 

84.63 

58.32 

145.2 

39.1 

73 

-Aug.  'Ot 

1 

35.41 

27.70 

127.8 

34.5 

74       (745) 

-Aug.  '05 

2 

46.57 

58.32 

79.8 

21.5 

75       (910) 

•'               " 

2 

67.01 

5fS.32 

114.9 

31.0 

76 

Sep.  '87-Aug.  "04 

17        '• 

388.94 

474.26 

81.9 

22.1 

77 

Sep.  "gg-Aug.  '03 

4 

176.60 

107.71 

163.8 

44.2 

78 

Sep.  '00-Aug.  '04 

4 

152.66 

111.32 

137.1 

26.95 

37.0 

In  comparing  tlie  isohyetose  lines  drawn  by  the  writers  with  those 
given  by  the  author  (also  shown  on  Plate  LX),  it  will  be  noted 
that  three  general   differences  exist: 

1. — The  writers'  15-in.  and  20-in.  lines  do  not  cross  the  valley 
summit  between  San  Jose  and  Gilroy,  a  gap  of  more  than 
20  miles  intervening  between  the  two  15-in.  lines  in  the 
valley. 

2. — The  writers  show  a  mean  seasonal  rainfall  of  more  than  50 
in.  at  the  crest  of  the  Santa  Cruz  Range,  as  compared  with 
the  author's  maximum  of  45  in. 

3. — The  rainfall  indicated  by  the  local  records  falls  off  in  quan- 
tity much  more  rapidly  to  the  northeast  of  Mount  Ham- 
ilton (Lick  Observatory)  than  shown  by  the  author's  lines. 
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Messrs.  Haehl       TABLE    12. — LoNG-PeRIOD    MeAN    SEASONAL    EaLNFALL    DEDUCTIONS. 

and  Toll. 

Group  IV;  Gauges  79-97. 

Using  Mean  of  Gilroy,  Lick  Observatory,   and  Livermore  Records  as 

Basis. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

111 

Period  of 
record. 

Total  Recorded 

Rainfall  for 

Period  of  Gauge 

Record,  in 

Inches. 

.1" 

r 

0 

58-Season  Mean, 
IN  Inches. 

At 
gauge. 

Mean  of 

base 
stations. 

For 

base 

stations. 

For 

gauge 

(deduced). 

79  (1400) 

80  (2200)- 

81  (2040) 

82  (2350) 
8.?  (2350) 

84  (2460) 

85  (2350) 

86  (2450) 

87  (2900) 

88  (29.50) 

89  (3250) 

90  (2275) 

91  (2250) 

92  (2350) 

93  (2300) 

94  (3625) 

95  (2330) 

96  (2650) 

97  (2550) 

Sep.  '03-Aug.  '05 
)    •'         -Aug. '04  / 
1  Sep.'05-Aug.'06  f 

Sep.  '03-Aug.  '04 
•'      -Aug.  "05 

'•      -Aug.  '07 

"      -Aug.  '05 

"      -Aug.  '04 
"      -Aug.  '05 

2  Sea 

2 

1 
1 
2 
2 
4 

1   : 

2 

2 

2        ' 

2 

2 

2        ' 

1 

1 

1 

2 

sons. 

49.28 

53.84 

32.75 
24.80 
58.08 
58.93 
133.24 
139.59 
57.08 
53.81 
52.63 
56.81 
56.35 
52.74 
54.88 
29.00 
24.57 
26.75 
39.54 

44.33 

50.97 

29.06 
21.91 
44.32 
44.32 
105.20 
105.20 
44.32 

'44.33 
21.91 
21.91 
21.91 
44.32 

111.1% 

105.7 

112.7 
113.2 
131.1 
133.0 
126.7 
132.7 
128.8 
121.5 
118.8 
128.3 
127.2 
119.1 
123.9 
132.4 
112.1 
122.1 
89.2 

21.88 
'2i!88 

24.3 

23.1 

24.7 
24.8 
28.7 
29.1 
27.7 
29.0 
28.2 
26.6 
26.0 
28.1 
27.8 
26.1 
27.1 
29.0 
24.5 
26.7 
19.5 

The  minor  disagreements  between  many  of  the  isohyetose  lines  of 
the  writers  and  of  the  author  are  due,  of  course,  to  the  greater  number 
of  data  available  to  the  former,  and  it  is  worthy  of  notice  that  the  ad- 
dition of  more  than  100  records  within  this  area  has  made  so  few 
changes,  and  has  so  nearly  confirmed  the  lines  of  the  author.  The 
general  effect  of  the  changes  made  is  to  show  a  greater  mean  seasonal 
rainfall  for  the  Santa  Clara  Valley  and  the  Santa  Cruz  Mountains  to 
the  westward,  and  a  less  rainfall  for  most  of  the  Mount  Hamilton 
Range  to  the  eastward. 

The  correctness  of  the  location  of  the  15-in.  lines  just  east  of  San 
Jose,  and  in  the  extreme  northeasterly  portion  of  the  area  shown  on 
Plate  LX,  is  still  comparatively  uncertain  from  lack  of  adequate 
data  fixing  these  lines.  It  is  to  be  regretted  that  no  rainfall  records 
(so  far  as  known  to  the  writers,  at  least)  have  been  kept  in  these 
localities. 
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TABLE  13. — Lonq-Period  Mean  Seasonal  Rainfall  Deductions.      Messrs  Haehi 

and  Toll. 

Group  V;   Gauges  98-116. 

Using  Mean  of  Gilroy,  San  Jose,  Livermore,  Westley,  and  Lick 
Observatbry  Records  as  Basis. 


(1) 

(2) 

(8) 

(4) 

(6) 

(6) 

(?) 

Total  Recorded 

Rainfall  for 

58-Sea.son  Mean, 

Period  of  Gaige 

c 

IN  Inches. 

Period 
of 

Record. 

tSoio 

record 

, 

^u!o 

e8      « 

^      a; 

At 
gauge. 

Mean  of 

base 
stations. 

for  base 
stations. 

For 

gauge 

(deduced). 

98  (2130) 

Sept.  '03-Aug.  '05 

2  Seasons 

43.06 

36.15 

119.2% 

17.94 

21.4 

99  (2150) 

2 

42.05 

116.3 

20.9 

10(J  (2550) 

2       '• 

38  67 

107.0 

19.2 

101   (2160) 

2 

38.29 

105.9 

19.0 

102  (2110) 

2 

40.79 

112.9 

20.3 

103  (2250) 

2         • 

33.45 

92.6 

16.6 

104  (2450) 

2 

36.51 

101.0 

18.1 

105  (2290) 

2 

35.05 

96.9 

17.4 

106  (2140) 

2 

38.46 

106.4 

19.1 

107  (2250) 

2 

43.18 

119.5 

21.4 

108  (2130) 

2 

36.  as 

100.5 

18.0 

109  (2030 > 

2 

42.91 

118.8 

21.3 

110  (2450) 

2 

54.21 

150.0 

26.9 

111  (2100) 

2 

42.06 

116.4 

20.9 

112  (2500) 

2 

40.70 

36.15 

112.6 

20.2 

113  (1800) 

"     -Aug.  '04 

1 

19.59 

16.83 

116.4 

30.9 

l!4  (2000) 

"     -Aug.  '05 

2        " 

41.08 

36.15 

113.7 

20.4 

115  (2260) 

2 

35.58 

98.4 

17.7 

116  (2460) 

2 

38.73 

36.15 

107.2 

17.94 

19.2 

A.  G.  McAdie,  Esq.'^'   (by  letter). — Amid  much  that  is  suggestive  Mr.  McAdle. 
and  of  value  in  this  paper  and  the  discussion  thereof,  there  are  some 
statements  which  should  be  corrected  or  amplified,  lest  the  engineering 
profession  in  general,  and  particularly  the  hydraulic  engineers  of  the 
Pacific  Coast,  be  led  into  serious  error. 

The  author  says:  "So  little  rain  falls  from  May  1st  to  the  end  of 
October  that  this  period  may  be  called  rainless." 

Based  upon  the  records  of  the  U.  S.  Weather  Bureau,  which  have 
been  maintained  with  fidelity,  10%  of  the  seasonal  rainfall  in  the 
district  under  discussion,  for  a  period  of  58  years,  fell  in  the  months 
which  are  called  rainless  by  the  author.  In  some  seasons  the  rainfall 
in  this  rainless  period  has  amounted  to  as  much  as  40%  of  the  total. 
The  year  1904  may  be  cited.  This  was  an  exceptional  year,  to  be  sure ; 
but  is  not  this  the  very  information  that  is  of  most  importance  to 
engineers?     Such  a  rainfall  did  happen,  and  may  occur  again. 


.*In  charge  of  Local  Oflace,  U.  S.  Weather  Bureau.  San  Francisco,  Cal. 
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Mr.  McAdie.        Again  the  author  says : 

"Owing  to  the  wide  distribution  of  rain  in  ordinary  rain  storms, 
and  to  the  freedom  from  local  storms,  the  rainfall  records  at  single 
stations  are  better  indices  of  the  amount  of  precipitation  on  large 
tracts  than  is  ordinarily  the  case  for  records  of  rain  in  tlie  East  and  in 
the  Middle  West." 

As  a  matter  of  fact,  owing  to  the  topography  of  California,  the 
precipitation  is  exceedingly  variable,  and  if  any  generalization  is  to 
be  made  it  would  be  that  rainfall  records  at  single  stations  could  not 
safely  be  used  as  criteria  for  large  tracts.  The  distribution  of  rain  is 
more  sjrmmetrical  and  uniform  in  the  East  and  Middle  West  than 
in  the  western  portion  of  the  country. 

The  author  states  that  the  rainfall  is  heavier  on  the  southwestern 
slopes  of  the  Coast  Kange  than  on  the  northeastern  slopes.  It  is  the 
commonly  accepted  view;  but  recent  experiments  lead  us  to  doubt  the 
truth  of  the  statement.  Recent  rain  measurements  on  a  mountain 
near  San  Francisco  showed  the  heaviest  rainfall  on  the  northeastern 
slope.*  It  is  not  on  the  western  or  southern  slope,  but  just  east  or 
north  of  the  crest  line  of  the  range,  or  summit  of  the  peak,  that  con- 
densation is  greatest,  for  elevations  below  5  000  ft.  The  rainfall  will 
vary  with  the  elevation  and  with  the  inclination  of  the  rain-bearing 
winds. 

The  author  says: 

"Evidently,  the  moisture-laden  air,  as  it  rises  up  the  mountain 
slopes,  becoming  cooler  and  losing  density  with  increasing  altitude, 
is  forced  to  part  with  so  much  moisture  before  it  reaches  the  mountain 
crest.     *     *     *     " 

Cause  and  effect  are  mixed  in  this  statement.  When  air  cools 
it  gains  in  density.  The  error  in  the  statement  is  a  natural  one 
for  an  engineer  to  make.  The  widespread  conception  of  rising 
air  becoming  cooler  is  erroneous.  The  opposite  condition  often  hap- 
pens. Indeed  this  inversion  of  temperature  is  the  rule  in  summer 
afternoons  in  the  region  under  discussion.  It  is  true  that  the  mixture 
of  air  and  vapor  ascending  generally  reaches  cooler  levels;  but  not 
always.  The  ascensional  movement,  however,  is  largely  due  to  a  con- 
siderable addition  of  heat.  The  density  of  air  diminishes  as  the 
temperature  rises,  in  the  proportion  of  1  to  1  -j-  a.  T,  and  also  dimin- 
ishes as  the  pressure  decreases.     Heat  is  utilized  in  doing  the  work  of 


♦Comparative  Rainfall  at  Mount  Tamalpais.  Cal..  March,  1904.  Observer,  Mr.  H. 
Legler.  U.  S.  Weather  Bureau  ;  Station  gauge  located  on  top  of  ridge  connecting  east 
and  middle  peaks. 

Gaujre  No.  1  on  north  slope  of  ridge.  30  ft.  below  top. 

Gauge  No.  2  on  north  slope  of  east  peak.  250  ft.  below  the  summit. 

The  experiments  lasted  one  month,  and  measurements  are  given  in  detail  on  page  14, 
California  Monthly  Bulletin.  March.  1904. 

Station  gauge  caught  9.94  in. 

Gautre  No.  1  caught  26.50  in. 

Gauge  No.  2  caught  34.69  in. 

Results  :  Gauge  farthest  northeast  caught  nearly  four  times  the  amount  in  gauge  on 
south  side  of  mountain.     The  winds  were  south  and  west. 
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expansion.  This,  however,  is  a  question  in  physics.  What  the  meteorol-  Mr.  McAdie. 
ogist  partieuhirly  criticizes  in  this  discussion  of  rainfall  by  the  engi- 
neers is  the  entire  absence  of  any  reference  to  the  amount  of  water 
vapor  present  and  its  behavior  under  change  of  temperature  and 
pressure.  This,  which  is  an  elemental  factor  in  rainfall,  is  entirely 
ignored.  There  is  no  intimation  throughout  the  entire  discussion,  ' 
many  engineers  participating,  that  the  degree  of  saturation  plays  an 
important  role  in  determining  precipitation.  A  cubic  meter  of  air  is 
one  thing  and  a  cubic  meter  of  saturated  vapor  and  air  is  quite 
another.  The  addition  of  vapor  increases  the  total  pressure  and  causes 
an  expansion  of  the  volume  when  both  are  unconfined,  as  in  ordinary 
free  atmosphere. 

More  serious,  however,  are  the  errors  made  both  in  the  paper  and 
in  the  discussion,  in  the  construction  of  isohyets  based  upon  frag- 
mentary records.  Discrediting  the  well-kept  and  extended  official  rain- 
fall measurements  made  practically  in  one  locality,  and  ignoring  cer- 
tain experiments  made  to  determine  variation  in  catch  with  change 
in  elevation,  these  engineers  expand  their  own  unofficial  records  (which 
have  never  been  subjected  to  the  examination  of  Weather  Bureau 
officials  for  reasons  entirely  unknown),  and  make  of  them  long-range 
records  of  high  accuracy  presumably.  Records  covering  but  a  few 
years  are  changed  into  records  covering  half  a  century  or  longer. 

Nearly  two  pages  are  filled  with  criticism  of  the  published  Weather 
Bureau  records.    On  pages  525  and  526  it  is  stated: 

"No  single  record  of  San  Francisco  rainfall  could  be  used  for  this 
comparison,  the  only  available  record  extending  back  to  1849  (that 
published  by  the  U.  S.  Weather  Bureau)  being  a  composite  made  up 
of  records  kept  successfully  at  six  different  points  in  San  Francisco." 

As  a  matter  of  fact,  the  record  from  1871  to  1908,  known  as  the 
Signal  Service-Weather  Bureau  record,  was  made  practically  in  one 
portion  of  the  city,  and  there  have  been  but  three  removals  of  the 
gauge  in  a  period  of  38  years. 

It  is  in  the  statements  relative  to  a  certain  private  rainfall  record, 
however,  that  the  greatest  errors  have  been  made.  It  is  stated  in  the 
discussion : 

"Careful  rainfall  records  were  kept  in  San  Francisco  by  *  *  * 
under  favorable  and  unchanging  conditions." 

And  again:  "Carefully  kept  by  *  *  *  at  a  single  gauge,  near 
the  ground,  imder  unchanging  conditions." 

It  is  known  to  the  Weather  Bureau,  but  evidently  not  to  the  engi- 
neers, that  the  location  of  the  gauge  in  question  has  been  changed 
many  times  with  the  owner's  removal  to  different  parts  of  the  city. 
The  points  occupied  differ  by  almost  the  width  of  the  city.  The  par- 
ticular record  was  kept  by  a  gentleman  who  has  for  years  compared 
his  records  with  the  Weather  Bureau  records.    This  seems  to  have  been 
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Mr.  McAdie.  unknown  to  the  engineers  who  niade  use  of  this  record  in  the  discussion 
of  the  paper,  and  they  appear  to  assume  throughout,  and  to  build 
their  whole  argument  upon,  a  superiority  of  the  unofficial  record. 
Much  work  done  by  them  is  thus  rendered  valueless. 

These  criticisms  should  put  those  who  read  the  paper  on  guard 
against  a  too  ready  acceptance  of  the  arguments  given  in  connection 
with  rainfall  data. 

One  amusing  illustration  of  blundering,  in  connection  with  rainfall 
in  the  section  under  discussion,  occurred  some  years  ago,  and  is  re- 
ferred to  here  only  to  put  others  upon  their  guard.  The  engineers  of 
a  certain  water  company  obtained,  from  the  Weather  Bureau,  records 
covering  a  certain  water-shed.  Later,  the  charge  was  made  that  serious 
errors  existed  in  the  published  data.  Investigating  the  matter,  for  it  is 
realized  that  errors  will  creep  into  tables  despite  great  care  in  their 
preparation,  it  was  found  that  the  engineers  had  obtained  a  copy  of 
the  original  record  at  a  particular  point,  and  this,  all  uncorrected, 
they  had  reproduced.  The  retained  copy  in  the  Weather  Bureau  office 
showed  that  many  corrections  had  been  necessary.  Indeed,  there  are 
very  few  rainfall  records  which  do  not  need  correction,  especially  if 
snow  has  to  be  entered.  No  acknowledgment  of  error,  and  no  retrac- 
tion of  the  charge,  was  ever  made,  so  far  as  known.  The  uncorrected 
data  may  still  be  serving  as  a  basis  for  the  construction  of  isohyets 
and  in  the  discussion  of  run-offs. 

The  measurement  of  rainfall  is  at  best  a  difficult  matter,  simple 
though  it  seems.  None  realizes  this  better  than  the  Weather  Bureau 
official,  and  none  is  more  ready  to  explain  and  allow  for  errors  of 
exposure.  There  is  no  interest  to  be  served  but  the  truth.  Yet  it  must 
be  remembered  that  greater  errors  may  sometimes  result  by  hasty 
and  ill-considered  action  in  attempting  to  remedy  existing  imperfec- 
tions than  the  errors  due  to  these.  For  example,  the  decrease  in  the 
catch  of  rain  on  the  roofs  of  high  buildings  due  to  eddy  effects  is  an 
error  of  some  importance;  but  the  increase  in  catch  of  gauges  on  the 
ground,  the  interference  with  the  gauge  by  thoughtless  or  designing 
persons,  all  too  frequently  reported,  and  the  deflection  of  the  air  by 
surrounding  objects  unless  the  exposure  is  an  ideal  one  (and  this  it 
is  very  hard  to  obtain  in  a  city)  cause  errors  much  greater  than  those 
we  are  seeking  to  correct. 

In  recording  and  tabulating  rainfall,  let  it  be  remembered  that  two 
separate  and  independent  methods  of  checking  are  used  by  the  Weather 
Bureau.  Furthermore,  if  there  is  a  marked  departure  from  records  at 
adjacent  points,  there  is  further  inspection  and  examination.  In  all 
cases  where  published  data  come  in  conflict  with  unchecked  private 
records  the  benefit  of  the  doubt  should  go  to  the  published  data.  It 
is  a  very  wholesome  experience  for  all  hydraulic  engineers  personally 
to    install    a    rain    gauge,    keep    the    records,    and    submit    them    for 
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examination  to  the  nearest  Section  Director.     One  who  does  this  will  Mr.  McAdie. 
realize  that  in  this  seemingly  simple  operation  one  can  make  numerous 
and  strange  errors. 

C.  E.  Grlksky,  ^M.  A.m.  Sue.  C.  E.  (by  letter). — Aside  from  placing  Mr.  Orunsky. 
upon  record  the  results  of  the  rain  and  run-off  studies  near  San 
Francisco,  of  some  years  ago,  the  purpose  of  the  paper  is  two-fold: 
First,  to  emphasize  the  fact  that  these  run-off  studies,  like  many  other 
run-off  records  when  treated  by  averages,  indicate  a  noteworthy  regu- 
larity in  the  relation  to  the  rainfall  of  the  amount  of  water  lost  from 
water-sheds  by  evaporation,  i.  e.,  evaporation  from  the  surface  of  the 
earth,  from  trees  and  plants,  together  with  water  consumed  in  sustain- 
ing plant  life;  and  second,  to  aid  in  establishing  the  laws  of  probable 
run-off  for  a  large  and  important  section  of  California. 

Evaporation  from  an  open-water  surface  in  the  heart  of  California's 
great  central  valley  is,  as  stated,  about  4  ft.  per  annum.  At  Lake 
Tahoe,  at  an  altitude  of  6  225  ft.,  it  is  probably  between  30  and  36  in., 
and  it  will  probably  fall  somewhere  between  30  and  48  in.,  throughout 
the  region  under  discussion.  Although  experiments  made  for  the 
U.  S.  Department  of  Agriculture,  by  Professor  S.  Fortier,  indicate 
that  a  saturated  or  moderately  wet  soil  may  give  its  moisture  to  the 
air  more  rapidly  than  an  open-water  surface,  the  total  time  each  year 
during  which  soil  is  so  wet  that  it  will  give  off  more  water  than  a 
water  surface,  is  small  compared  with  the  time  during  which  the  rate 
of  loss  is  less  than  that  from  a  water  surface.  Consequently,  it  seems 
safe  to  assume  that  the  annual  evaporation  from  w'ater-sheds  and  the 
consumption  of  water  by  plant  life  nowhere  in  the  United  States 
will  exceed  the  amount  that  would  annually  be  taken  up  by  the  air 
from  a  water  surface  of  equal  area.  There  is  thus  set  an  upper  limit 
for  the  loss  of  water  into  the  air  from  the  land  and  water  surfaces  of 
water-sheds,  and  it  may  safely  be  assumed  that  run-off  will  be  at  least 
equal  to  any  excess  of  precipitation  over  water-surface  evaporation. 
In  such  regions  as  California,  however,  where  practically  all  rain 
falls  between  November  1st  and  May  1st,  during  which  time  the 
evaporation  is  only  about  one-fourth  of  the  annual  evaporation,  the  loss 
of  water  into  the  air  will  be  very  much  less  than  the  annual  evaporation 
from  a  water  surface.  It  may  not  be  far  wrong,  as  a  first  approxima- 
tion, to  assume  it  to  be  from  one-half  to  three-fourths.  It  was  this 
consideration,  backed  up  by  records  of  rainfall  and  stream  flow, 
as  these  became  available  from  time  to  time,  that  led  to  the  formula- 
tion of  the  rule-of-thumb  noted  in  the  paper.  The  same  consideration 
was  used  as  a  guide  in  shaping  the  run-off  curves.  The  accordance  of 
various  long-time  determinations  of  the  amount  of  water  lost  from 
water-sheds  by  evaporation  and  related  causes  is  so  pronounced  that 
it  appeared  tempting  to  try  to  establish  some  relation  between  this 
loss  and  the  frequency  and  duration  of  rainstorms  and  the  amount  of 
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Mr.  (Jrunsky.  rain,  but  neither  time  nor  the  necessary  detailed  data  for  this  purpose 
have  been  available. 

The  combination  of  rain-years  of  nearly  the  same  amount  of  rain 
into  groups,  criticised  by  Mr.  Duryea,  was  a  convenience  in  construct- 
ing the  curves.  The  result  would  not  have  been  changed  by  using  the 
annual  records  separately.  Such  use,  however,  would  have  shown  the 
wide  discrepancy  of  individual  years.  It  can  only  be  claimed  for  the 
curves,  as  stated  in  the  paper,  that  they  indicate  probabilities.  Mr. 
Duryea's  statement  that  he  has  determined  the  relation  of  rain  and 
run-off  for  a  number  of  Sierra  Nevada  streams,  long  enough  to  give 
him  79  points — the  rain-year  being  taken  as  the  unit  of  time — and 
that  all  but  9  of  these  points  indicate  a  greater  run-off  than  the  Sierra 
Nevada  curve,  must  remain  subject  to  further  analysis.  The  rain 
distribution  assumed  for  the  several  water-sheds  from  year  to  year 
may  be  subject  to  modification  and  likewise  the  interpretation  of 
gaugings.  It  would  be  gratifying,  however,  to  find  that  his  opinion  is 
correct,  and  that  the  curve  shown  for  the  Sierra  Nevada  streams  is  too 
conservative.  The  suggestion  which  he  makes,  that  the  error,  resulting 
from  the  application  of  an  average  rainfall  to  entire  water-sheds  in- 
stead of  to  subdivisions  thereof,  is  so  small  that  it  might  well  be  dis- 
regarded, hardly  needs  comment.  There  would  be  no  error  if  rain  were 
uniformly  distributed,  neither  would  there  be  any  error  if  the  run-off 
curve  were  a.  straight  line.  As  a  result  of  the  shape  of  the  run-off 
curves,  it  follows  that  the  error  resulting  from  treating  the  water-shed 
as  a  whole  is  greatest  when  relatively  large  areas  having  small  pre- 
cipitation are  included  with  areas  in  which  the  rainfall  is  moderately 
heavy.  The  examples  selected  by  Mr.  Duryea  to  show  the  insignifi- 
cance of  the  error  relate  to  water-sheds  of  small  areas  in  regions  of 
light  rainfall;  conseqiaentlj^  the  error,  although  always  present  and 
always  an  error  in  the  same  direction,  appears  relatively  small. 

The  non-agreement  of  recorded  run-off  with  results  obtained  from 
the  curve,  in  the  case  of  Upper  Crystal  Springs  Reservoir,  which  Mr. 
Murphy  points  out,  should  be  considered  in  the  light  of  the  facts,  that 
of  the  four  water-sheds,  especially  considered,  this  is  the  one  of  least 
rainfall;  that  the  total  water  yield  is  small;  and  that  the  error  of 
3  in.  per  year  looks  more  formidable  when  expressed  in  percentage 
than  it  otherwise  would.  When  practicable,  all  run-off  curves  should 
be  checked  by  rainfall  and  stream  measurements,  and  suitably  modified 
for   each   water-shed. 

The  composite  rainfall  table  for  San  Francisco,  as  prepared  in  1903 
and  used  in  the  study  of  run-off  values,  is  not  at  hand  at  this  writing 
and,  therefore,  cannot  be  added  to  the  data  already  submitted.  It  was, 
as  stated  in  the  paper,  a  combination  of  five  different  records.  These 
included,  as  a  single  record,  the  rainfall  as  measured  by  the  TJ.  S. 
Signal  Service  and  by  the  U.   S.  Weather  Bureau.     The  individual 
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records,  such  as  those  of  Mr.  Pettee  and  Mr.  Tennent,  necessarily  differ  Mr.  (inmsky. 
materially  in  certain  years  from  the  composite.  The  latter,  however, 
has  the  advantage  of  greater  reliability  than  any  of  the  individual 
records,  whether  in  their  original  or  corrected  forms,  as  an  index  of 
rainfall  in  San  Francisco,  as  well  as  of  the  general  weather  conditions 
in  that  vicinity.  It  is,  therefore,  more  reliable  as  a  basic  table  of  rain 
than  any  table  prepared  by  piecing  out  and  correcting  individual 
records.  In  substantially  the  form  in  which  they  were  used  in  1903, 
the  rainfall  records  that  were  combined  can  be  found  in  part  in 
"Physical   Data    and    Statistics   for   California."* 

The  rainfall  data  presented  by  Messrs.  Haehl  and  Toll,  in  Table  7, 
are  not  convincing.  For  the  years  1865  to  1892,  they  deduce  a  relation 
between  the  published  record  of  the  TJ.  S.  Weather  Bureau  and  the 
Pettee  record,  and  this  relation  is  used  in  correcting  the  Weather 
Bureau  records  for  the  period  from  1892  to  1907.  The  published  record 
of  the  Weather  Bureau,  however,  given  in  Column  2  of  Table  7,  is 
based  upon  rain  measurements  made  in  various  localities,  viz.,  near  the 
foot  of  Market  Street  by  Mr.  Thomas  Tennent  until  1871 ;  on  the  roof 
of  the  old  Merchants  Exchange  Building  by  the  Signal  Service  for 
several  years;  and  on  the  roof  of  the  old  Phelan  Building  until  1892. 

If  the  Tennent  record  be  compared  separately  with  the  Pettee 
record,  it  will  be  found  that  (for  1865  to  1884,  for  which  records  are 
at  hand)  the  Tennent  record  exceeds  the  Pettee  record  by  2.1  per 
cent.  The  Signal  Service  and  Weather  Bureau  records,  1871  to  1892, 
exceed  by  4.1%,  the  Pettee  record  for  the  same  period. 

These  figures  indicate  that  there  is  some  uncertainty  in  regard 
to  the  amount  by  which  rainfall  in  the  heart  of  the  business  sec- 
tion of  San  Francisco  exceeds  the  rainfall  at  points  not  specified,  where 
Mr.  Pettee's  rain-gauge  was  located.  Attention  may  also  be  called  to 
the  fact  that  for  a  part  of  the  period,  1901  to  1907,  the  percentage  cor- 
rection claimed  by  Messrs.  Haehl  and  Toll  to  be  applicable  to  records 
established  between  1892  and  1901  by  rain-gauges  on  the  eleven-story 
Mills  Building,  is  assumed  to  apply  also  to  the  later  records  of  the 
Weather  Bureau,  established  by  gauges  on  the  new  fourteen-story  Mer- 
chants Exchange  Building.  The  continuous  record,  worked  out  as  in 
Column  6  of  Table  7,  like  all  corrected  records,  should  be  handled  with 
due  caution. 

That  Messrs.  Haehl  and  Toll,  in  the  construction  of  their  isohyetals, 
covering  a  part  of  the  area  under  discussion,  have  accepted  the  Morgan- 
hill  and  Coyote  records  in  preference  to  the  earlier  longer  record  at 
Tennent  is  not  surprising  in  the  light  of  the  additional  data  secured  in 
that  vicinity  since  1903.  The  resulting  changes  in  the  position  of  the 
isohyetals  affect  but  a  small  area  to  a  moderate  extent. 

*  "  Physical  Data  and  Statistics,  California."  William  H.  Hall,  State  Engineer,  1886. 
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Professor  McAdie  conunents,  from  the  standpoint  of  a  meteor- 
ologist, on  the  method  in  which  engineers  have  used  the  rainfall 
records  at  and  in  the  vicinity  of  San  Francisco.  As  he  fears  that 
some  of  the  statements  made  may  lead  the  engineering  profession  into 
serious  error,  a  brief  review  of  his  criticisms  will  not  b^  out  of  place. 

Professor  lIcAdie  objects  to  the  assertion  made  in  the  paper  that 
the  period  from  May  1st  to  the  end  of  October  "may  be  called  rain- 
less," and  shows  that  about  10%  of  the  annual  rain  falls  in  this  time. 
It  is  cheerfully  admitted  that  there  was  no  need  of  specifying  fixed 
dates  between  which,  ordinarily,  the  rainfall  is  so  light  in  the  portions 
of  California  under  consideration  that  it  does  not  materially  affect 
stream  flow.  On  the  other  hand,  the  foundation  for  the  statement  will 
appear  when  it  is  recalled  that  the  rain  in  the  specified  period  at  San 
Francisco  amounts  to  less  than  3  in.,  or,  if  stated  by  the  month,  to  an 
average  of  about  0.4  in.;  but,  in  order  that  the  statements  as  made 
may  be  used  with  proper  limitations,  it  is  to  be  added  that  in  some 
years  the  months  of  May  and  October,  and  perhaps  once  or  twice  in 
fifty  years  even  September,  are  to  be  classed  as  wet  months. 

For  San  Francisco,  based  on  the  rainfall  table  published  by  Pro- 
fessor McAdie,  in  Bulletin  "L"  of  the  TJ.  S.  Weather  Bureau,  for  the 
years  1849  to  1902,  and  extended  to  include  1907,  the  mean  monthly 
fall  of  rain  is  0.Y5  in.  in  May  and  1.02  in.  in  October.  There  have 
been,  in  this  58-year  period,  11  Mays  with  between  1  and  2  in.  of  rain, 

5  Mays  with  between  2  and  3  in.,  and  one  May  with  between  3  and 
4  in.    One  October  is  credited  with  7.3  in.,  3  with  between  3  and  4  in., 

6  with  between  2  and  3  in.,  and  10  with  between  1  and  2  in.  In  each 
of  the  remaining  78  Mays  and  Octobers,  the  rainfall  was  less  than  1  in. 
The  normal  rainfall  in  the  months  June,  July,  August,  and  September 
is,  respectively,  if  determined  in  the  same  way,  0.16,  0.02,  0.02,  and 
0.30  in. 

Exception  is  also  taken  by  Professor  McAdie  to  the  statement  that 
"rainfall  records  at  single  stations  are  better  indices  of  the  amount 
of  precipitation  on  large  tracts"  (in  the  part  of  California  under  dis- 
cussion) "than  is  ordinarily  the  case  for  records  of  rain  in  the  East 
and  in  the  Middle  West."  In  the  use  of  the  word  "large"  in  this 
paragraph,  vast  areas  were  not  in  mind,  but  such  areas  as,  in  a  State 
like  California,  may  come  under  study  as  producers  of  run-off  waters 
before  reliable  measurements  of  rain  have  been  made  at  many  points 
well  distributed  throughout  the  same.  Professor  ^IcAdie  says  that  if 
any  generalization  is  made  it  would  be  that  rainfall  records  at  single 
stations  could  not  safely  be  used  as  criteria  for  large  tracts.  This  is 
true  in  a  measure,  depending  on  what  is  meant  by  "safely,"  but 
nothing  is  claimed  for  this  method  of  estimating  total  quantity  of 
falling  water  except  approximation,  the  probability  of  ascertaining 
correct  values  decreasing,  of  course,  with  increasing  areas.     It  is  not 
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necessary   to   state   that   such    generalization    is    hardly   ever   entirely  Mr.  Orunsky. 
satisfactory-.    Nevertheless,  it  will  of  necessity  continue  to  be  used. 

Professor  McAdie  is  no  doubt  correct  in  stating  that  the  rainfall 
in  the  East  and  in  the  Middle  West  is  more  symmetrically  and  uni- 
formly distributed  than  in  the  western  portion  of  the  country,  if 
normals,  determined  by  records  extending  over  many  years,  are  taken 
into  account;  and  the  statement  in  the  paper,  so  far  as  it  includes  a 
comparison,  should  have  been  restricted  to  single  storms  and  short 
time  periods. 

Notwithstanding  Professor  McAdie's  statement  relating  to  the 
result  of  an  experiment,  on  Mt.  Tamalpais,  near  San  Francisco,  the 
belief  is  adhered  to  that  the  heaviest  rainfall,  both  in  the  case  of  the 
Coast  Range  and  the  Sierra  Nevada,  as  indicated  by  annual  normals, 
lies  to  the  westward  and  not  to  the  eastward  of  the  crest  lines  of 
these  ranges. 

Professor  McAdie  deplores  the  absence  of  a  discussion,  in  the  paper, 
of  the  cause  of  rain.  This  would  have  been  entirely  foreign  to  its 
purpose,  and  therefore  could  find  no  place  in  it.  Wliether  the  state- 
ment made  relating  to  the  changes  resulting  from  increase  of  altitude 
follows  the  rule  suggested  in  the  paper  or  whether  inversion  of  tem- 
perature is  the  commoner  phenomenon  may  be  submitted  without 
further  discussion. 

He  condemns  the  practice  of  estimating  by  expansion  the  probable 
normal  rain  at  a  station  from  records  that  do  not  cover  the  entire 
period  taken  into  account,  that  is,  by  applying  a  correction  ascertained 
from  some  complete  nearby  record.  The  result  of  doing  this,  as  shown 
in  the  paper,  speaks  for  itself. 

His  statement  that  the  location  of  the  Pettee  gauge,  referred  to  by 
Messrs.  Haehl  and  Toll  as  having  been  kept  "near  the  ground  under 
favorable  and  unchanging  conditions,"  has  been  changed  many  times 
with  the  owner's  removal  to  different  parts  of  the  city,  is  specially  note- 
worthy and  of  importance  to  those  who  have  occasion  to  use  this  rain 
record. 

There  is  nothing  in  the  paper  reflecting  upon  the  reliability  of  data 
furnished  by  the  TT.  S.  Weather  Bureau.  The  work  done  by  that 
Bureau  is  valued  by  the  entire  profession,  and  the  results  of  its  obser- 
vations are  accepted  without  question.  Nothing  that  has  been  said 
should  be  considered  as  an  unfavorable  or  unfriendly  criticism  of  the 
Bureau  or  its  work,  or  as  detracting  in  the  slightest  degree  from  the 
importance  thereof.  It  must,  however,  be  left  to  the  engineer  who  has 
occasion  to  use  the  recorded  facts  relating  to  rainfall,  whether  observed 
by  the  Bureau  or  by  private  parties,  to  take  into  account  all  circum- 
stances attending  their  observation. 
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Den\t:r,  1886-1908. 


Twenty-two  years  ago  the  American  Society  of  Civil  Engineers 
held  a  Convention  in  this  City  upon  the  joint  invitation  of  their 
Denver  brethren,  the  Denver  Chamber  of  Commerce,  and  His  Ex- 
cellency, Governor  Evans,  of  Colorado. 

The  recollection  of  that  memorable  occasion  has  remained  so  fresh 
as  to  have  inspired  the  desire  to  repeat  the  visit  in  order  that  we  may 
more  fully  appreciate  the  tremendous  strides  that  have  been  made  in 
this  brief  interval  of  twenty-two  years.  Denver  was  young  in  1886 — 
with  scarcely  65  000  people  all  told,  but  with  evidences  of  power  and 
potency  which  gave  promise  of  greater  things  to  come,  and  these  are 
the  things  which  we  are  now  permitted  to  examine  for  ourselves,  and 
to  offer  our  congratulations  on  the  wonderful  results  accomplished. 

To  mention  but  a  few  of  them :  the  population  has  increased  three- 
fold in  twenty-two  years;  the  assessed  value  of  property,  which  was 
$30  610  330  in  1886,  is  $122  585  925  to-day;  and  the  best  evidence  of 
prosperity  is  to  be  noted  in  the  increase  in  bank  deposits  from  $9  000  000 
to  $40  000  000.  It  would  be  foreign  to  our  purpose  to  enlarge  upon  the 
records   of   progress    everywhere   in   evidence;    suffice   it   to    say,   that 
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the  controlling-  iv;i.son  which  indufis  the  Society  to  meet  in  Conven- 
tion annually  in  ditiVrcut  parts  of  the  country  is  to  present  object 
lessons  such  as  this  to  its  membership  in  order  that  as  an  organization 
it  may  bo  kept  fully  abreast  of  the  times. 

American  Society  of  Civil  Engineers^  1886-1908. 

An  examination  of  our  own  rate  of  progress  during  the  past  twenty- 
two  years  furnishes  gratifying  evidence  of  the  success  of  the  policy 
pursued  by  the  management  of  the  Society. 

In  1886,  the  total  membership  was  925,  of  which  there  were  but  6 
in  the  entire  State  of  Colorado,  while  at  present  the  membership  is 
upwards  of  4  600,  of  whom  -iO  are  residents  of  this  State,  19  being 
located  in  the  City  of  Denver. 

The  Society  first  began  the  publication  of  papers  in  1867,  but  it 
was  not  until  November,  1873,  that  regular  monthly  publications  were 
issued.  The  current  volume  of  Transactions  completes  the  66th  volume 
of  a  library  which  is  second  to  none  in  professional  interest,  a  result 
which  is  largely  due  to  the  untiring  energy  and  administrative  ability 
of  our  Secretary,  Mr.  Chas.  Warren  Hunt. 

Function  of  the  Engineer. 

The  question  naturally  arises,  what  have  engineers  done  since  1886 
which  is  of  special  signification?  Perhaps  the  most  important  result 
of  engineering  activity-  is  the  increase  in  railway  mileage  from  137  615 
to  235  409  in  the  United  States  alone.  When  it  is  considered  that  the 
total  mileage  of  railroads  in  the  world  at  the  present  time  is  approxi- 
mately 570  000,  the  proportion  constructed  by  American  engineers  is, 
to  say  the  least,  creditable.  The  result  of  this  enormous  increase  in 
facilities  for  internal  commimication  has  developed  problems  in  In- 
terstate Commerce  which  have  put  a  strain  upon  the  Constitution  of 
the  United  States  itself,  as  well  as  upon  those  of  the  several  States, 
which  bids  fair  to  approach  almost  up  to  the  elastic  limit. 

To  construct  a  railroad  involves  a  knowledge  of  Nature's  laws.  It 
is  an  exact  science,  and  the  result  should  insure  the  development  of 
traffic  upon  lines  of  least  resistance,  and,  consequently,  at  the  least 
cost;  but  judging  from  the  experiences  through  which  we  are  passing, 
the  problems  of  utilizing  these  mighty  engines  in  developing  the  re- 
sources of  the  country  through  which  they  pass,  have  not  been  treated 
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with  that  due  regard  for  the  immutability  of  natural  law  that  has 
characterized  the  work  of  the  Engineer. 

Conflicts  have  arisen  between  the  sovereigns  by  whom  powers  were 
granted  to  construct  the  properties,  and  the  managers  of  these  prop- 
erties, as  to  the  right  to  fix  rates  of  transportation  upon  them,  result- 
ing in  a  serious  paralysis  of  business  throughout  the  country,  which, 
for  the  time  being,  threatens  to  retard  further  development  until  these 
differences  are  settled  upon  some  equitable  basis. 

A  careful  examination  of  the  methods  employed  in  fixing  traffic 
rates  must  convince  liberal  observers  that  no  general  principle  of  law 
has  obtained.  Traffic  managers  have  too  often  been  governed  by  their 
individual  opinions  as  to  what  the  rate  should  be,  and  the  amount 
of  business  they  could  secure,  irrespective  of  the  interests  of  the  people 
as  a  whole  from  whom  they  originally  derived  the  right  to  fix  any 
rate.  The  result  has  been,  as  might  have  been  expected,  discrimination 
favoring  certain  localities  and  individual  shippers,  which  has  aroused 
the  whole  country  to  the  necessity  of  framing  such  laws  as  will  pro- 
tect the  rights  of  all  the  people  in  the  use  of  the  franchises  which 
have  been  granted  by  their  representatives. 

It  has  been  said  that  the  construction  of  a  railway  is  an  exact 
science,  and  while  it  cannot  be  claimed  with  equal  propriety  that  the 
management  of  it  can  be  formulated  on  equally  exact  lines,  it  is 
nevertheless  the  duty  of  those  in  control  to  investigate  the  general 
principles  involved,  which,  if  applied,  will  result  in  establishing 
harmony  where  now  deplorable  conflict  exists. 

In  this  connection,  what  is  the  function  of  the  Engineer?  Hereto- 
fore, with  few'  exceptions,  he  has  been  content  to  fulfill  the  duty  of 
executive  officer  merely,  in  obedience  to  instructions  from  the  financial 
interests  controlling,  without  regard  to  questions  of  political  economy 
involved  in  subsequent  management. 

This  is  not  the  highest  ideal  to  whicli  lie  should  attain.  To  be  an 
engineer  of  material  only  is  to  be  but  a  subordinate  element  in  a  profes- 
sion which  has  contributed,  and  will  continue  to  contribute,  more  to  the 
advancement  of  civilization  than  all  others  combined.  Rather  should 
he  strive  to  become  an  engineer  of  men,  pointing  out  lines  of  activity, 
based  upon  scientific  principles,  which  permit  of  no  discriminations 
or  unfair  advantages  to  favored  interests.  There  should  be  no  guess- 
work in  his  study  of  problems  of  transportation,  but  he  should  have 
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ever  before  liiiii  tlie  example  of  such  men  as  tlie  late  Albert  Fink,  Past- 
President,  Am.  Soc.  C.  E.,  who  as  early  as  1874  was  able  to  evolve  a 
system  for  the  management  of  traffic  in  this  country,  which  if  it  could 
have  been  crystallized  into  the  law  of  the  land,  would  have  been 
hailed  by  all  parties  in  interest  as  an  equitable  deliverance  from  such 
disastrous  complications  as  now  beset  us. 

Again,  in  the  management  of  employees,  the  Engineer  is  best 
equipped  by  education  and  experience  for  settling  differences  between 
employer  and  employed.  A  single  instance  will  suffice  to  illustrate. 
A  recent  predecessor  of  mine,  then  an  officer  of  one  of  the  most  im- 
portant trunk  lines  in  the  country,  was  called  upon  by  the  representa- 
tives of  the  Boilermakers'  Union  on  the  line  of  his  road,  who,  with 
imperious  swagger,  demanded  an  immediate  advance  in  wages.  There 
was  to  be  no  discussion  of  the  subject,  and  unless  their  demands  were 
acceded  to  a  strike  would  follow.  It  is  needless  to  refer  to  what  actually 
did  follow,  but  the  result  was  that  every  one  of  those  men  who  came 
with  blood  in  his  eye,  departed  with  the  humble  request  that  they 
might  be  permitted  to  shake  the  hand  of  a  gentleman. 

We  must  evolve  more  men  of  the  type  above  referred  to  if  we  would 
render  the  best  account  of  our  stewardship. 

Conservation  of  Natural  Resources. 

The  late  Lord  Kelvin,  when  in  this  country  some  years  ago  for  the 
purpose  of  advising  as  to  the  best  means  of  utilizing  the  water  power 
at  Niagara,  was  asked  what  effect  the  withdrawal  of  so  much  water 
from  the  Falls  would  have  upon  the  natural  beauty  of  the  cataract. 
His  reply  was  that  of  the  true  engineer:  "What  has  that  got  to  do 
with  it?  I  consider  it  almost  an  international  crime  that  so  much 
energy  has  been  allowed  to  go  to  waste." 

A  similar  question  arose  in  connection  with  the  construction  of  the 
dam  across  the  Nile  at  Assouan.  Archaeologists  all  over  the  world 
raised  a  protest  against  the  project,  because,  forsooth,  the  ruins 
of  the  Temple  of  Philse  would  be  submerged  for  six  months  in  the 
year.  I  venture  to  say  that  of  all  the  visitors  to  Egypt  not  one  in  a 
thousand  but  would  far  rather  inspect  the  graceful  lines  of  that  superb 
work,  and  picture  to  themselves  the  inestimable  benefits  accruing  to 
the  hundreds  of  thousand  of  tillers  of  the  soil  in  the  valley  below, 
than  gaze  for  a  few  passing  moments  upon  the  crumbling  remains  of 
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a  Grecian  temple  two  thousand  years  old.  Engineers  will  naturally  con- 
sign all  such  archaic  questions  to  the  oblivion  of  the  past,  and  con- 
cern themselves  with  that  which  confers  the  greatest  good  upon  the 
greatest  number.  This  line  of  thought  naturally  leads  to  the  considera- 
tion of  a  subject  which  is  attracting  special  attention  at  this  time. 

The  President  of  the  United  States,  in  a  letter  dated  January  14th, 
1908,  invited  John  Hays  Hammond,  President,  American  Institute 
of  Mining  Engineers;  Minard  Lafever  Holman,  President,  American 
Society  of  Mechanical  Engineers;  Henry  Gordon  Stott,  President, 
American  Institute  of  Electrical  Engineers,  and  the  speaker,  to  at- 
tend a  Conference  of  the  Governors  of  the  several  States,  with,  their 
experts,  to  be  held  at  the  White  House,  May  13th-15th,  for  the  purpose 
of  considering  the  question  of  the  Conservation  of  the  Natural  Re- 
sources of  the  Country. 

At  this  conference  these  four  Presidents  of  Engineering  Societies, 
representing  approximately  20  000  American  engineers,  recommended 
the  following  resolutions  for  adoption  by  the  Conference : 

"Resolved:  1.  That  this  Conference  places  on  record  its  conviction 
that  to  conserve  and  protect  from  waste  and  destruction  the  natural 
wealth  of  the  United  States  in  mines,  forests,  lands,  and  waters  is  of 
'  vital  necessity  to  the  public  welfare.  Action  in  this  matter  has  been 
too  long  delayed,  and  vast  loss  has  resulted  in  consequence,  notably  in 
the  destruction  wrought  by  forest  fires,  by  floods,  and  the  ruin  of  lands 
whose  fertility  and  crop-bearing  power  has  been  lost.  This  unfortunate 
destruction  of  part  of  the  natural  wealth  with  which  this  virgin  con- 
tinent was  originally  stored  makes  it  all  the  more  necessary  that  wise 
action  be  taken  to  check  further  loss. 

"2.  Though  it  recognizes  the  imperative  need  for  prompt  action, 
this  Conference  is  impressed  with  the  difficulty  of  framing  legislative 
acts  which  shall  result  in  the  largest  measure  of  public  benefit.  The 
problems  presented  are  many  of  them  new  and  unprecedented.  It  is 
probable  that  action  by  both  the  Federal  Government  and  the  in- 
dividual States  will  be  essential,  and  it  may  also  be  possible  by  suitable 
laws  to  enlist  the  aid  of  private  enterprise.  But  to  decide  upon  the 
proper  distribution  of  responsibility  and  to  frame  laws  which  shall  not 
work  injury  as  well  as  benefit  is  a  matter  demanding  most  careful 
study  and  investigation  by  men  of  high  standing  and  expert  qualifi- 
cations. 

"3.  While  certain  individual  measures  may  be  already  in  such 
shape  that  action  upon  them  may  wisely  be  taken,  this  Conference  holds 
that  for  the  guidance  of  legislators,  both  State  and  Federal,  a  thorough 
investigation  and  study  should  be  made  by  National  and  State  Com- 
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missions  so  constituted  that  their  conchisions  and  recommendations 
will  be  everywhere  recognized  as  authoritative  and  made  solely  in  the 
public  interest. 

"4.  This  Conference,  therefore,  urges  upon  Congress  and  the  State 
Legislatures  the  enactment  of  laws  authorizing  the  President  and  the 
Governors,  respectively,  to  create  National  and  State  Commissions  to 
investigate  and  report  upon  what  measures  should  be  taken  to  conserve 
the  National  and  State  natural  resources. 

"These  commissions  should  report  at  the  earliest  possible  date  con- 
sistent with  the  thorough  performance  of  their  work,  in  order  to  enable 
the  President  and  the  Governors  to  transmit  with  recommendations  their 
reports  to  Congress  and  the  State  Legislatures  for  such  action  as  may 
seem  advisable  to  protect  our  natural  resources  from  further  spoliation 
and  destruction,  and  to  secure  such  economy  in  their  use  as  will  pre- 
serve for  coming  generations  the  foundations  of  prosperity. 

"5.  In  order  to  insure  the  harmonious  co-operation  of  all  the  Com- 
missions, this  Conference  requests  the  President  to  call  another  Na- 
tional Conference  at  such  time  as  may  seem  most  advisable. 

"6.  To  secure  the  most  efficient  organization  for  handling  the  Na- 
tional problems  which  the  reports  of  these  Commissions  will  inevitably 
raise,  this  Conference  recommends  for  the  consideration  of  the  Presi- 
dent and  Congress  the  formation  of  a  Department  of  Public  Works  to 
which  these  and  other  engineering  matters  could  be  referred,  and  to 
which  the  State  Commissions  could  apply  for  information  and  assist- 
ance." 

These  resolutions  were  duly  referred  to  the  Committee  on  Resolu- 
tions of  the  Conference,  and  were  favorably  received  by  that  body. 

It  will  be  observed  that  the  crux  of  the  recommendations  rests  in 
Clause  6 — advising  the  formation  of  a  Department  of  Public  Works, 
which  would  naturally  include  under  its  jurisdiction  all  works 
of  Public  Utility  classed  under  the  heads  of  Improvement  of  Water- 
ways and  Harbors,  Irrigation,  Hydraulic  Development,  Drainage,  etc., 
now  distributed  through  the  Departments  of  War,  Interior,  Agricul- 
ture, and  Commerce  and  Labor. 

At  the  time  it  was  written,  we  were  not  aware  that  a  bill  had  already 
been  introduced  by  the  Hon.  J.  E.  Ransdell,  of  Louisiana,  having  this 
very  object  in  view,  and  that  in  his  introductory  speech  very  powerful 
arguments  had  been  given  in  favor  of  its  passage.  It  was  scarcely  to 
be  expected  that  this  bill  could  be  passed  at  this  session,  but  members 
are  earnestly  requested  to  read  carefully  the  arguments  of  the  Honor- 
able Gentleman  from  Loiiisiana,  and  if  consistent  with  their  own 
views,  to  urge  iipon  their  Representatives  the  passage  of  such  a  bill, 
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The  general  result  of  the  Conference  has  been  to  arouse  public  interest 
as  it  never  has  been  roused  before,  and  it  is  to  be  hoped  that  the  engi- 
neers of  the  country  will  realize  their  opportunity  to  exert  a  potent 
influence  in  framing  such  legislation  as  may  best  be  suited  to  the  ac- 
complishment of  the  desired  ends. 

Agriculture. 

Having  become  a  farmer  myself,  it  may  perhaps  be  permissible  to 
refer  to  the  possibilities  of  adding  a  new  qualifying  adjective  to  the 
subdivisions  of  the  profession.  If  it  can  be  proved  that  two  blades  of 
grass  can  be  grown  where  one  has  heretofore  been  found  to  be  the  limit, 
it  is  certain  that  the  sources  of  power  in  Nature  have  been  scientifically 
utilized,  and  the  general  wealth  of  the  country  correspondingly  in- 
creased. This  of  a  surety  can  be  accomplished  if  the  engineer  will  but 
turn  his  attention  to  Agriculture  as  an  adjunct  to  the  creative  work 
with  which  he  has  become  familiar  in  the  construction  of  lines  of  trans- 
portation, irrigation  and  drainage. 

Quoting  from  the  admirable  paper  read  before  the  recent  Conference 
at  Washington  by  James  J.  Hill,  F.  Am.  Soc.  C.  E. : 

"In  no  other  important  country  in  the  world,  with  the  exception  of 
Russia,  is  the  industry  that  must  be  the  foundation  of  every  state  at 
so  low  an  ebb  as  in  our  own  *  *  *,  Our  soil,  once  the  envy  of 
every  other  country,  gave  an  average  yield  for  the  whole  United  States, 
during  the  ten  years  beginning  with  1896,  of  13.5  bushels  of  wheat  per 
acre.  Austria  and  Hungary  each  produced  over  17  bushels  per  acre, 
France  19.8,  Germany  27.6,  and  the  United  Kingdom  32.2  bushels  per 
acre." 

This  is  an  appalling  statement  which,  unfortunately,  cannot  be  con- 
troverted, but  the  explanation  is  simple,  and  the  remedy  easily  obtain- 
able. We  have  been  single  cropping  our  soils  until  they  have  become 
unsanitary,  and  we  have  failed  to  make  use  of  suitable  methods  of  cul- 
tivation.   In  corroboration  of  this,  I  quote  again  from  ^Mr.  Hill's  paper: 

"At  the  experiment  station  of  the  Agricultural  College  of  the  Uni- 
versity of  Minnesota,  they  have  maintained  44  plots  of  ground,  adjoin- 
ing one  another,  and  as  nearly  identical  in  soil,  cultivation  and  care  as 
scientific  handling  can  make  them.  On  these  have  been  tried,  and 
compared,  different  methods  of  crop  rotation  and  fertilization  together 
with  single  cropping.  The  results  of  10  years'  experiments  are  now 
available.    On  a  tract  of  good  ground  sown  continuously  for  10  years  to 
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wheat,  the  average  yield  per  acre  for  the  first  five  years  was  20.2  bushels, 
and  for  the  next  five  16.92  bushels.  Where  corn  was  grown  continuously 
on  one  plot,  the  average  yield  was  16  bushels,  while  on  an  adjoining 
plot  where  corn  was  planted  but  once  in  five  years  in  a  system  of  rota- 
tion, the  average  yield  of  the  latter  for  the  two  years  it  was  under  corn 
was  48.2  bushels  per  acre." 

Evidence  such  as  this  should  not  be  ignored,  especially  by  the  engi- 
neer who  would  aspire  to  control  the  properties  which  he  has  created.  It 
is  not  enough  that  he  should  construct  new  lines  of  communication 
whereby  virgin  soil  can  be  rendered  productive,  but  he  must  furnish  the 
incentive  to  would-be  settlers  to  maintain  and  improve  the  productive 
capacity  of  the  soil  rather  than  allow  it  to  become  exhausted  by  im- 
proper cultivation. 

This  is  a  simple  commercial  proposition.  If  the  products  of  the 
soil  are  allowed  to  decline  steadily,  the  freight  handled  over  tributary 
lines  of  communication  will  as  certainly  follow  suit,  and  inducements 
to  capital,  for  further  extensions,  will  prove  more  and  more  difficult  to 
obtain. 

Engineering  Ideals. 

In  whatever  branch  of  the  profession  in  which  we  may  be  engaged, 
whether  we  call  ourselves  Civil,  Mechanical,  Mining,  Electrical,  Mili- 
tary, Naval,  or  even  Agricultural  Engineers,  the  only  safe  guide  is  a 
strict  adherence  to  Nature's  law  of  least  resistance.  From  the  begin- 
ning of  time,  every  particle  of  matter  has  followed  the  exact  resultant 
of  contending  forces,  without  deviating  a  hair's  breadth  from  a  course 
which  has  permitted  it  to  attain  a  position  of  equilibrium  with  the  least 
expenditure  of  energy,  resulting  in  the  most  expressive,  and  therefore 
impressive,  effects. 

Whether  it  be  in  the  growth  of  a  tree,  the  flow  of  a  river,  or  the 
slow  but  certain  modifications  of  mountain  forms,  the  operation  of  this 
law  of  Nature  has  resulted  in  the  combination  of  the  beautiful  with 
that  which  is  good  and  true.  If,  therefore,  the  Engineer  would  attain 
to  the  highest  excellence  in  his  profession,  he  must  so  utilize  the  sources 
of  power  in  Nature  as  to  effect  the  greatest  good  at  the  least  cost. 

He  must  combine  strength  and  durability  with  attractive  outline 
and  artistic  excellence.  It  is  not  sufficient  that  a  bridge,  for  example, 
shall  be  strong  enough  to  carry  its  load.  Any  engineer  who  is  familiar 
with  the  laws  of  statics  can  calculate  the  strains,  and  proportion  the 
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material  for  a  given  diagram  of  a  bridge  in  which  the  number  of  panels 
and  relation  of  height  to  span  is  taken  arbitrarily.  The  structure  so 
proportioned  will  be  as  strong  as  may  be  desired  for  the  purpose,  but 
if  the  diagram  so  chosen  does  not  present  a  pleasing  appearance,  it 
will  be  found  that  more  material  has  been  expended  than  would  have 
been  the  case  if  a  more  artistic  arrangement  had  been  adopted.  Again, 
if  in  cases  where  the  number  of  piers  is  not  restricted,  the  proper  re- 
lation of  cost  of  superstructure  to  cost  of  substructure  has  not  been  ob- 
served, the  total  cost  of  the  completed  structure  will  be  in  excess  of 
scientific  requirements. 

It  is  true  that  what  is  called  Art  has  not  been  considered  a  fixed 
science,  which  is  equivalent  to  saying  that  the  rules  which  govern 
artistic  construction  are  not  capable  of  mathematical  demonstration. 
Nevertheless,  I  believe  it  will  be  found  to  be  the  fact  that  the  structure 
which  has  been  designed  upon  the  most  scientifically  accurate  propor- 
tions, that  is  to  say,  which  accomplishes  the  object  for  which  it  was 
intended  in  accordance  with  Nature's  great  law,  will  present  the  most 
pleasing  outline,  and  that  eventually  the  conception  of  the  Engineer 
and  the  Architect  will  merge  into  that  of  the  true  Artist  and  Engineer, 
of  whom  the  immortal  Michael  Angelo  was  the  great  prototype. 
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MEMOmS  OF  DECEASED  MEMBERS. 


CHARLES  HAYNES  HASWELL,  Hon.  M.  Am.  Soc.  C.  E.* 


Died  May  12tii,  1907. 


A  life  of  remarkable  professional  activity,  characterized  by  conspic- 
uous public  service,  came  to  its  close  when,  on  May  12th,  1907,  Charles 
Haynes  Haswell  died  at  his  home,  324  West  78th  Street,  in  New  York 
City. 

Mr.  Haswell  was  undoubtedly  the  oldest  civil  engineer  in  the  world, 
and  had  he  lived  ten  days  longer,  he  would  have  entered  upon  his  99th 
year.  He  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  29th,  1868,  and  on  May  12th,  1905,  he  was  made 
an  Honorary  Member,  being  one  of  the  forty  men  upon  whom  this  dis- 
tinction has  been  conferred  since  the  organization  of  the  Society. 

A  son  of  Charles  Haswell,  a  native  of  Dublin,  who  was  in  the 
British  diplomatic  service,  and  of  Dorthea  Haynes,  a  member  of  a 
prominent  family  in  the  Barbadoes,  he  was  born  on  May  22d,  1809,  in 
a  house  which  is  still  standing  on  North  Moore  Street,  in  New  York 
City.  His  education  was  obtained  in  the  best  New  York  schools  of  the 
time,  and  was  liberal  or  classical  in  its  character,  as  no  school  of  ap- 
plied science  had  yet  been  established  in  the  United  States. 

At  the  age  of  nineteen  he  entered  the  service  of  James  P.  Allaire, 
who  was  the  owner  of  what  was  then  the  greatest  steam  engine  works 
in  the  United  States.  By  close  application,  he  acquired  a  practical  and 
thorough  knowledge  of  mechanical  and  marine  engineering,  and  his 
excellent  work  coming  to  the  attention  of  the  United  States  Navy  De- 
partment, he  was,  in  1835,  employed  to  prepare  designs  for  the  ma- 
chinery of  the  United  States  Steam  Frigate  Fulton.  He  had  the  satis- 
faction of  superintending  the  construction  of  the  engines  and  boilers  of 
this  vessel,  as  Chief  Engineer,  under  a  commission  signed  by  President 
Jackson.  Afterward,  he  designed  or  superintended  the  building  of  the 
war-ships  Missouri,  Mississippi,  Michigan  and  Allegheny,  and  a  num- 
ber of  revenue  cutters. 

In  1843  Mr.  Haswell  was  appointed  the  first  Engineer-in-Chief  of 
the  United  States  Navy,  his  administration  of  which  oflBce  was  charac- 
terized by  a  devotion  to  the  highest  professional  ideals,  absolute  integ- 
rity, and  rare  efficiency.  His  uncompromising  fidelity  to  duty,  as  inter- 
preted by  his  ideals  and  standards,  was  not  always  appreciated  by  those 
with  whom  he  had  ofiicial  relations,  and  in  1851  he  resigned  from  the 
naval  service  to  engage  in  private  practice  in  New  York  City,  as  a 
civil  and  mdrine  engineer.  The  modern  steam  yacht  is  said  to  have 
been  created  by  Mr.  Haswell,  as  the  Siveetheart,  which  was  probably 
*!Hemojr  prepared  by  Nelson  P.  Lewis,  M.  Am.  Soc.  C,  E. 
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the  first  vessel  of  this  type,  was  designed  and  built  by  him  in  Brooklyn, 
some  time  before  1840. 

While  best  known  through  his  connection  with  steam  and  marine 
engineering,  his  work  covered  nearly  all  branches  of  civil  and  mechan- 
ical engineering,  and  as  the  author  of  the  "Engineers  and  Mechanics 
Pocket-Book,"  which  bears  his  name,  he  was  known  throughout  the 
world.  This  book  was  a  standard  work  of  its  kind  for  more  than  sixty 
years,  and  passed  through  seventy  or  more  editions.  He  was  working 
at  his  desk  upon  material  for  a  new  edition,  when,  rising  from  his 
chair,  he  fell  and  sustained  injuries  which  resulted  in  his  death  the 
following  day. 

During  the  Civil  War,  Mr.  Haswell  was  an  enthusiastic  supporter 
of  the  Union  cause.  Xot  only  did  he  go  to  the  front  as  the  representa- 
tive of  a  "Committee  of  Citizens  of  New  York"  and  direct  the  dis- 
bursement of  funds  raised  by  the  Committee,  a  mission  requiring  much 
tact  and  discretion,  but  he  was  in  active  service  under  General  Burn- 
side,  who  recognized  his  excellent  work  in  his  reports  to  the  Secretary 
of  War. 

His  interest  in  the  affairs  of  the  city  which  was  his  birthplace  and 
home  was  always  keen  and  unselfish.  From  1855  to  1858  he  was  a 
member  of  the  City  Board  of  Councilmen,  and,  during  his  last  year 
of  service,  he  presided  over  that  body.  He  served  as  member  of  a 
number  of  important  commissions,  and  was  one  of  the  Trustees  of  the 
Brooklyn  Bridge.  From  1898  until  the  time  of  his  death  he  was  Con- 
sulting Engineer  to  the  Board  of  Public  Improvements  and  the  Board 
of  Estimate  and  Apportionment.  He  personally  made  the  plans  for 
and  supervised  the  installation  of  the  heating  and  power  plants  for  the 
public  institutions  on  Hart's  Island,  and  prepared  plans  for  the  enlarge- 
ment and  improvement  of  Hiker's  Island.  Until  within  a  few  months 
of  his  death,  he  was  regular  in  his  attendance  at  his  ofiSce,  where  a 
large  part  of  his  time  was  spent  over  the  mahogany  drawing  board, 
concerning  which  Mr.  Haswell  wrote  in  1904: 

"It  has  been  in  use  53  years  without  requiring  to  be  trued.  On 
it  was  executed  the  feat  that  has  become  historical  both  here  and  in 
Europe,  that  of  the  delineation  of  the  entire  working  drawings  of  the 
engines  and  boilers  of  the  U.  S.  Steamer  Povhatan,  cylinders  70 
inches  by  10  feet  stroke  of  piston,  the  demands  upon  my  time  not 
admitting  of  the  delay  of  making  a  general  drawing  before  furnish- 
ing those  of  the  detailed  parts." 

In  the  summer  of  1904,  then  in  his  96th  year,  he  was  retained  as  an 
expert  to  examine  and  report  upon  a  boiler  plant  in  Chicago,  where  he 
spent  a  week  in  making  tests  and  preparing  his  report. 

Appreciation  of  Mr.  Haswell's  professional  work  was  not  confined 
to  his  own  country.  More  than  half  a  century  ago  the  Czar  of  Russia 
sent  him  a  diamond  ring,  accompanied  by  an  expression  of  his  thanlcs 
for  services  rendered  to  the  Imperial  Government  in  sending   to  it  a 
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number  of  plans  and  drawings.  The  engineers  and  naval  architects  of 
Great  Britain  have  frequently  indicated  their  high  regard  for  and  deep 
obligations  to  him,  and  during  the  visit  of  members  of  the  Institution 
of  Civil  Engineers  to  America  in  1904,  he  was  the  recipient  of  conspicu- 
ous attention  from  them  and  their  President,  Sir  William  II.  White. 
Those  who  went  to  West  Point  with  the  visiting  engineers  will  recall 
the  fact  that  he  walked  unaided,  down  the  long  line  of  cadets,  with  the 
reviewing  officers  and  guests,  and  his  tall,  erect  figure  was  the  most 
prominent  in  the  party. 

He  contributed  several  papers  and  discussions  to  the  Transactions 
of  this  Society  and  to  the  Minutes  of  Proceedings  of  the  Institution  of 
Civil  Engineers.  In  1897  he  published  his  "Eeminiscences  of  an  Octo- 
genarian," a  book  which,  while  lacking  continuity  of  narrative,  gives 
some  admirable  and  interesting  sketches  of  New  York  City  between 
the  years  1816  and  1860,  and  affords  evidence  of  the  refined  tastes  and 
admirable  public  spirit  of  the  author. 

Owing  to  Mr.  Haswell's  great  modesty,  he  rarely  spoke  of  his  per- 
sonal achievements  or  of  incidents  in  which  he  figured,  and  it  was 
difficult  to  realize  the  important  services  which  he  had  rendered  to  his 
profession  and  to  his  country.  On  the  rare  occasions  when  he  would 
indulge  in  conversational  reminiscences,  he  was  delightful.  His  early 
education,  as  already  noted,  was  of  the  liberal  sort,  and  there  was  a 
refinement  in  his  manner  and  conversation  which  showed  the  influence 
of  that  training.  He  was  familiar  with  the  best  literature,  and  his 
Latin  quotations,  while  used  without  a  suggestion  of  pedantry,  fre- 
quently gave  force  to  his  illustrations  and  charm  to  his  conversation. 
His  bearing  toward  his  associates  and  toward  those  who  were  many 
years  his  junior  was  characterized  by  a  gentleness  and  uniform  courtesy 
which  made  him  a  delightful  companion  and  an  always  welcome  visitor, 
while  his  tall,  slender  figure  made  him  conspicuous  in  any  assembly. 

With  his  keen  appreciation  of  the  dignity  of  his  profession,  his 
high  sense  of  personal  honor,  and  his  rare  consideration  for  the  feel- 
ings of  others,  he  was  an  admirable  example  of  the  old-school,  courtly 
gentleman  of  the  type  which  has  become  all  too  rare. 

Mr.  Haswell,  in  addition  to  his  membership  in  this  Society,  was 
also  a  member  of  the  following  technical  and  social  organizations: 
Honorary  Member  of  the  American  Society  of  Mechanical  Engi- 
neers; Honorary  and  Life  Member  of  the  Institution  of  Civil  Engi- 
neers; and  a  member  of  the  Institute  of  Naval  Architects  of  Great 
Britain;  the  American  Society  of  Naval  Engineers;  the  Municipal 
Engineers  of  the  City  of  New  York;  the  American  Institute  of  Archi- 
tects; the  New  York  Academy  ox  Sciences;  the  New  York  Microscop- 
ical Society;  the  Society  of  Authors;  the  Engineers'  Club  of  New 
York;  the  Engineers'  Club  of  Philadelphia;  and  the  Union  Club  of 
New  York. 
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GEORGE  IRTING  BAILEY,  31.  Am.  Soc.  €.  E. 


Died  ]\[ARcn  28th,  1908. 


George  Irving  Bailey  was  of  English  and  Holland  Dutch  descent. 
Dr.  Solomon  Bailey,  his  grandfather,  was  for  many  years  a  promi- 
nent physician  in  Bethlehem,  Albany  County,  New  York.  Dr.  James 
S.  Bailey,  of  Albany,  his  father,  was  one  of  nine  children,  and  was 
graduated  at  the  Albany  Medical  College  in  1853;  he  practised  in  Ala- 
bama and  Texas,  and  was  a  surgeon  in  the  Confederate  Army  between 
1861  and  1866,  after  which  time  he  practised  in  Albany,  New  York, 
until  his  death,  July  1st,  1883.  Dr.  James  S.  Bailey  was  married  to 
Frances  J.  Keith,  of  Augusta,  Georgia.  The  subject  of  this  memoir 
was  a  great-great-grandson  of  John  Keith,  a  colonial  soldier  who 
fought  in  the  Battle  of  Lexington. 

George  I.  Bailey  was  born  at  Hempstead,  Texas,  on  December 
24th,  1861,  and  was  graduated  at  the  Albany  High  School  in  the  class 
of  1880. 

He  entered  the  Department  of  the  State  Engineer  and  Surveyor  in 
September,  1880,  was  a  rodman  up  to  November,  1884,  then  leveler  on 
construction  imtil  November,  1885,  then  draftsman  in  the  Department, 
and  was  appointed  Assistant  Engineer  in  Charge  in  September,  1887, 
and  so  continued  until  June,  1892.  As  Assistant  Engineer,  he  had 
charge  of  the  lengthening  of  a  number  of  the  locks  in  the  Erie  Canal, 
designing  and  making  plans  for  and  building  the  culverts,  waste-weirs, 
retaining  walls,  and  iron  bridges  along  the  line  of  the  State's  canals, 
and  making  miscellaneous  surveys  for  the  State,  and  defending  suits 
against  it. 

He  was  in  charge  of  the  survey  for  the  storage  dam  across  the 
Genesee  River,  and  conducted  tests  for  the  tensile  and  crushing 
strength  of  concrete  in  connection  with  this  dam.  These  tests  were 
among  the  earliest  of  this  character.  He  was  appointed  Superin- 
tendent of  Water-Works  of  Albany,  New  York,  in  June,  1892.  On 
May  16th,  1892,  a  new  Board  of  Water  Commissioners  had  been  ap- 
pointed, and  the  late  Elnathan  Sweet,  M.  Am.  Soc.  C.  E.,  former  State 
Engineer  and  Surveyor,  having  been  chosen  as  its  President,  requested 
Mr.  Bailey  to  sever  his  connection  with  the  State  work  and  accept  this 
office.  Mr.  Bailey  held  the  position  of  Superintendent  of  Water- 
Works  in  Albany  until  February,  1902,  and  while  in  that  office  some 
of  the  most  valuable  work  of  his  life  was  accomplished,  the  complete 
record  of  which  is  fortunately  preserved  in  his  annual  reports,  which 
are  models  of  painstaking  application. 

He  was  at  first  engaged  with  his  routine  duties,  but,  at  the  same 
time,  was  deeply  interested  in  the  proposed  new  water  supply  from 
*  Memoir  prepared  by  Horace  Andrews.  M.  Am.  Soc.  C.  E. 
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Kinderhook  Creek,  and  attended  to  much  of  the  work  necessary  in  de- 
veloping the  scheme.  This  plan,  however,  was  denied  support,  the 
necessary  legislative  action  being  withheld,  and,  acting  under  a  new 
Board  of  Water  Commissioners  which  supplanted  that  of  which  Mr. 
Sweet  was  President,  he  assumed  charge  of  the  installation  of  new 
pumps  for  increasing  the  supply  of  raw  water  from  the  river  by 
15  000  000  gal.  per  day.  In  connection  with  this  work,  he  planned  and 
supervised  the  laying  of  11  200  ft.  of  30-in.  main.  He  continued  his 
interest  in  the  Kinderhook  Creek  development,  which  he  hoped  might 
supplant  the  use  of  the  river  water,  and  supervised  the  continued  weir 
measurements  for  that  source  of  supply,  reporting  to  the  new  Com- 
mission, on  January  1st,  1895,  in  regard  to  these  weir  measurements, 
as  follows: 

"An  examination  of  these  records  will  show  that,  notwithstanding 
the  protracted  and  severe  droughts  of  the  summer,  all  claims  made  as 
to  the  sufEciency  of  the  creek  as  a  means  of  supply  have  been  sus- 
tained." 

In  Mr.  Bailey's  fifth  report,  dated  January  30th,  1897,  the  matter 
of  the  filtration  of  the  river  water  was  first  discussed  by  him.  The 
city  was  at  this  time  hopelessly  involved  in  the  continued  use  of  the 
water  of  the  Hudson  River  as  its  chief  source  of  supply,  and  it  was 
apparent  that  filtration  was  the  only  resource  for  improving  the  un- 
sanitary condition  of  the  water.  Mr.  Bailey  made  personal  visits  to 
various  filtration  plants,  and  the  matter  was  finally  submitted  to 
Allen  Hazen,  M.  Am.  Soc.  C.  E.,  in  consequence  of  whose  recommen- 
dations the  slow  sand  filters  were  adopted  in  preference  to  mechanical 
filters  with  chemical  precipitation  of  solids,  which  had  strong  advo- 
cates. The  slow  sand  filter  project  was  recommended  to  the  Common 
Council  on  February  13th,  1897,  the  estimated  cost  being  $-478  000. 
The  plans  were  approved  on  April  19th,  of  the  same  year,  and  Mr. 
Hazen  was  appointed  Chief  Engineer,  and,  under  the  joint  super- 
vision of  Mr.  Hazen,  Mr.  Bailey,  and  the  Water  Commissioners,  the 
filters  were  successfully  completed. 

Mr.  Bailey's  seventh,  eighth,  ninth,  and  tenth  reports  are  filled 
with  valuable  descriptions  of  the  construction  of  the  filters,  and  with 
accounts  of  their  operation  and  of  the  consequent  decrease  in  the 
typhoid  death-rate  in  the  City  of  Albany.  These  reports,  relating  to 
the  development  of  the  filtration  works — which  were  regarded  as 
models,  and  visited  from  all  parts  of  the  United  States — are  of  the 
highest  value  to  the  engineering  profession.  They  are  profusely  illus- 
trated, and,  in  their  entire  preparation,  show  Mr.  Bailey's  interest  and 
unremitting  care. 

Upon  the  cessation  of  Mr.  Bailey's  superintendency  of  the  Albany 
Water-Works,  he  undertook  work  for  the  development  of  an  ice  plant 
near  Albany,  utilizing  the  overflow  of  the  Maezlandt  Kill,  one  of  the 
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oldest  sources  of  Albany's  water  supply.  The  ice-collecting  ponds 
planned  by  Mr.  Bailey  have  been  in  successful  use  since  their  com- 
pletion by  him  in  the  summer  of  1902.  The  upper  pond  has  a  con- 
crete dam  30  ft.  in  height,  while  the  lower  pond  is  formed  by  the  con- 
struction of  an  extensive  dam  of  earth  with  a  maximum  height  of 
about  18  ft. 

Late  in  the  fall  of  1902,  Mr.  Bailey  was  called  to  New  York  City 
to  undertake  the  completion  of  some  defaulted  contracts  in  the  Bor- 
ough of  the  Bronx.  These  were  administered  so  satisfactorily  to  his 
employers  that  his  relations  with  them  continued  to  be  of  a  cordial 
nature  until  his  death.  Mr.  Bailey  resolved  to  continue  the  business 
of  a  contracting  and  consulting  engineer  in  the  Borough  of  the  Bronx 
and  did  so  with  great  success  until  the  close  of  his  career.  He  se- 
cured contracts  and  successfully  completed  in  that  Borough  the  regU' 
lating,  grading,  curbing  and  flagging  of  many  streets,  avenues  and 
roads.  He  also  constructed  sewers  in  Boston  Road  and  in  Bryant 
Avenue.  At  the  time  of  his  death,  he  had  under  way,  and  about  one- 
third  completed,  a  water  filtration  plant  in  Yonkers,  New  York. 

In  1898,  Mr.  Bailey  married  Mrs.  Eva  Fish  (nee  Williams),  of 
Utica,  New  York.  Four  children  were  born  to  them :  William  Weaver, 
Lois,  Helen,  and  Catharine. 

While  apparently  in  perfect  health,  he  was  stricken  with  heart 
trouble  at  his  home  in  the  Bronx  on  the  afternoon  of  Friday,  March 
27th,  1908,  and  died  the  next  morning  before  his  brother.  Dr.  Theodore 
P.  Bailey,  could  reach  him  from  Albany.  He  is  survived  by  his 
widow  and  his  four  children,  by  his  mother,  one  brother,  Dr.  Theodore 
P.  Bailey;  two  sisters,  Mrs.  John  R.  Kaley  and  Miss  Corrine  Bailey, 
all  of  Albany,  New  York. 

Mr.  Bailey  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  1st,  1890.  He  joined  the  New  England  Water 
Works  Association  on  December  14th,  1892,  and  continued  his  connec- 
tion with  that  Association  until  December  31st,  1906.  He  was  a  mem- 
ber of  the  Masonic  fraternity,  having  attained  the  distinction  of  the 
thirty-second  degree.  He  was  elected  a  member  of  the  Albany  Club 
on  January  28th,  1893,  acted  as  its  Secretary  from  May  1st,  1901,  to 
May  1st,  1903,  and  resigned  on  October  1st,  1903.  During  the  past 
few  years  he  was  a  member  of  the  Contractors'  Association,  in  the 
Bronx,  and  was  active  in  its  development.  He  was  also  a  member  of 
various  social  organizations  in  New  York  City. 

Mr.  Bailey's  contributions  to  engineering  literature  are  entirely  in 
connection  with  his  water-supply  work.  In  addition  to  the  valuable 
reports  comprised  in  the  volumes  of  municipal  records  of  the  City  of 
Albany,  he  wrote  several  communications  for  Engineering  News. 
His  discussion*  of  Mr.  Hazen's  paper,  "The  Albany  Water  Filtration 

*  Transactions,  Am.  Soe.  C.  E.,  Vol.  XLIII.  p.  296:  an  abstract  of  this  discussion  may 
be  found  in  the  Journal  of  the  New  England  VVater  Works  Association.  Vol.  14.  p.  329. 
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Plant,"  relates  to  the  operation  of  the  filters.  Mr.  Bailey  contributed 
to  the  Journal  of  the  New  Kiif^Maiul  Water  Works  Association  an 
article  concerning;  the  care  of  fire  hydrants  in  winter.  His  article 
entitled:  "The  Effect  of  Water  Meters  on  Water  Consumption  in  the 
Larger  Cities  of  the  United  States,"  was  reprinted  in  the  Journal  of 
the  New  England  Water  Works  Association  in  June,  1901,  the  editor 
stating  that  the  paper  contained  so  much  valuable  information  as  to 
warrant  its  republication  without  apology.  At  the  1901  Convention 
of  the  American  Water  Works  Association  Mr.  Bailey  presented  a 
paper  on  "The  Albany  Filtration  Plant,  and  Some  of  the  Results  Ob- 
tained." 

Mr.  Bailey  was  a  diligent  and  persevering  worker,  and  obtained 
the  success  that  comes  from  painstaking  application.  His  friends  testify 
to  his  personal  worth :  C.  A.  Crane,  Assoc.  M.  Am.  Soc.  C.  E.,  writes : 
"Mr.  Bailey  was  universally  esteemed  by  all  the  contractors  and  city 
ofiicials  with  whom  he  came  in  contact  to  an  unusual  degree,"  and 
this  writer  closes  by  saying:  "thanking  you  for  the  opportunity  to  do 
what  little  I  may  in  memory  of  one  for  whom  I  felt  the  greatest 
affection." 

Chapman  L.  Johnson,  M.  Am.  Soc.  C.  E.,  a  friend  of  long  standing, 
says : 

"He  was  one  of  my  best  and  dearest  friends,  and  the  news  of  his 
death  is  a  sad  and  severe  shock  to  me.  Mr.  Bailey  was  a  man  of  in- 
domitable energy  and  will  power  and  of  the  strictest  integrity.  His 
success  was  due  to  persistent  insistence  on  theories  arrived  at  and 
from  inflexible  integrity  of  motive." 

Mr.  Hazen,  who  was  so  long  his  associate,  adds :  "Mr.  Bailey  was  a 
big-hearted  man,  a  good  friend,  and  one  who  could  always  be  counted 
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JAMES  DUN,  M.  Am.  Soc.  C.  E.* 


Died  February  23d,  1908. 


James  Dun  was  born  on  September  8th,  1844,  in  Chillicothe,  Ohio, 
and  there  his  early  education  was  obtained.  After  being  graduated 
from  the  Chillicothe  Central  High  School,  he  attended  a  private  school 
at  St.  Catherines,  Ontario,  Canada.  Later,  he  returned  to  Ohio  and 
received  his  finishing  education  at  Miami  University,  Oxford,  Ohio. 

Mr.  Dun  began  his  professional  career  in  1866,  as  a  member  of  an 
engineering  corps  working  near  Indianapolis,  Indiana;  later,  he  was 
Instrumentman  on  the  survey  for  the  old  Louisiana  and  Missouri  River 
Railway,  between  Louisiana  and  Cedar  City,  Missouri,  now  a  part  of 
the  Chicago  and  Alton  System. 

In  1867  he  was  appointed  Assistant  Engineer  of  the  Atlantic  and 
Pacific  Railway,  under  Mr.  Thomas  McKissock,  Chief  Engineer.  This 
road  is  now  a  part  of  the  Frisco  System. 

From  1871  to  1873  Mr.  Dun  was  Assistant  Engineer  of  the  Missouri 
Pacific  Railway,  under  Mr.  James  W.  Way,  Chief  Engineer.  From 
1874  to  1877  he  was  Chief  Engineer  of  the  Union  Depot  Company, 
and  built  its  yards,  and  freight  and  passenger  station  in  the  vicinity 
of  Twelfth  Street,  St.  Louis,  Missouri.  In  1877  he  was  appointed 
Superintendent  of  Bridges  and  Buildings  of  the  St.  Louis  and  San 
Francisco  Railway  Company,  and  in  1878  was  appointed  Chief  Engi- 
neer of  the  same  system,  also  filling,  for  a  part  of  the  time,  the  position 
of  Acting  General  Manager,  during  the  last  illness  of  Mr.  C.  W. 
Rogers,  Vice-President  and  General  Manager. 

In  1890  Mr.  Dun  was  appointed  Chief  Engineer  of  the  Atchison, 
Topeka  and  Santa  Fe  Railway,  and  in  1900  was  appointed  Chief  Engi- 
neer of  the  Santa  Fe  System.  In  1906  he  was  appointed  Consulting 
Engineer  of  the  same  system,  which  position  he  held  at  the  time  of  his 
death,  which  occurred  on  February  23d,  1908,  at  St.  Augustine, 
Florida. 

Mr.  Dun  was  elected  a  Member  of  this  Society  on  June  7th,  1876. 
He  was  also  a  member  of  various  other  technical  societies,  including 
the  Engineers  Club  of  St.  Louis,  and  the  Western  Society  of  Civil 
Engineers,  of  Chicago. 

His  professional  reputation  was  international,  and  the  Frisco  and 
Santa  Fe  Systems  show  to-day  the  characteristics  of  his  work.  The 
writer  sustained  social  and  official  relations  with  Mr.  Dun  from 
1869 — not  continuously,  but  nearly  so — and  in  all  those  years  has  never 
seen  Mr.  Dun's  enemy  nor  heard  an  unkind  criticism. 

Broad-gauged,  liberal-minded,  and  with  spotless  integrity,  he  rec- 
ognized his  work  and  performed  it  to  the  letter.    Accurate  and  resource- 
*  Memoir  prepared  by  J.  F.  Hinckley,  M.  Am.  Soc.  C.  E. 
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fill,  with  a  keen  niiiul  for  details,  and  a  fund  of  information  acquired 
by  long  and  varied  experience,  he  was  especially  well  qualified  to  sustain 
the  confidential  relations  with  his  superior  officers  which  he  held  for 
so  many  years  before  his  death.  Loyal,  kind  and  generous,  he  was  a 
most  charming  companion. 

Born  a  gentleman,  he  developed  into  the  highest  type  of  manhood. 
Full  of  sympathy  for  all  with  whom  he  came  in  contact,  he  was  never 
too  busy  to  give  time  to  the  trouble  of  his  friends,  nor  counsel  to  the 
young  graduate  who  was  looking  for  an  opportunity. 

One  of  his  friends — a  prominent  railroad  man  who  had  known  him 
intimately  for  more  than  thirty  years — writes  as  follows: 

"I  never  knew  him  to  do  a  wrong.  His  integrity  was  like  the  sun\ 
rays;  it  came  swift  from  a  soul  of  fire.  Nothing  deflected  him  from 
the  straight  course.  *  *  *  He  sympathized  with  all  men  in  trouble, 
and  appreciated  the  infirmities  of  lauman  nature;  but  he  never  could 
understand  why  men  were  dishonest.  The  men  in  this  world  who  have 
never  been  swerved  from  the  right  by  either  passion  or  covetousness 
have  been  few:    James  Dun  is  the  only  one  I  ever  knew." 

The  high  esteem  in  which  he  was  held  by  his  associates  cannot 
better  be  summed  up  than  in  the  words  of  an  old  roadmaster  who 
worked  under  his  direction  for  many  years;  upon  being  told  of  Mr. 
Dun's  death,  he  remarked :  "There  may  have  been  a  better  man,  but  I 
never  met  him." 


562  MEMOlli   OF   JOHN    EDWIN    EAKLEY 

JOHN  EDWIN  EARLEY,  M.  Am.  Soc.  C.  E.* 


Died  December  20th,  1907. 


John  Edwin  Earley  was  born  at  Walpole,  Massachusetts,  on  De- 
cember 31st,  1842,  and  was  of  Puritan  stock,  his  father  being  John 
Earley,  and  his  mother  Sarah  Otis,  of  Scituate,  Massachusetts.  He 
was  fitted  for  college  at  Phillips  (Exeter)  Academy,  and  was  graduated 
from  Union  College,  in  the  class  of  1867,  with  the  degree  of  Civil 
Engineer.  His  studies  at  college  were  interrupted  for  nearly  two  years 
by  service  in  the  Union  Army,  in  the  War  of  the  Rebellion,  as  a  volun- 
teer in  the  16th  Massachusetts  Battery,  which  was  a  part  of  the  Army 
of  the  Potomac.  His  army  service  was  from  March,  1864,  until  he 
was  mustered  out,  in  July,  1865. 

After  graduation,  and  until  1873,  Mr.  Earley  was  employed  as 
Assistant  Engineer  on  the  construction  of  the  Portland  and  Ogdens- 
burg  Railway,  the  Johnston  and  Glenerville  Railway,  and  in  other  en- 
gineering work  in  New  England. 

In  1873  he  went  to  the  Cincinnati  Southern  Railway  as  Resident 
Engineer  in  charge  of  the  first  residency.  Division  "E,"  and  remained 
there  until  the  completion  of  the  work,  in  1876.  His  residency  covered 
the  work  from  Somerset,  Kentucky,  to  the  south  side  of  the  Cumber- 
land River,  some,  of  the  heaviest  and  most  difficult  work  on  that  rail- 
way, which  was  noted  for  the  excellency  and  permanency  of  its  con- 
struction, especially  of  the  masonry  work.  This  work  was  a  distinct 
departure  from  the  ordinary  railway  practice  in  America,  and  elicited 
favorable  comment  from  European  technical  journals  of  the  period. 

For  a  time  after  1876,  Mr.  Earley  was  in  the  Government  employ, 
on  the  improvement  of  the  Tennessee  River  near  Florence,  Alabama. 

From  1879  to  the  summer  of  1881,  he  was  engaged  on  the  surveys 
of  the  Atchison,  Topeka  and  Santa  Fe  Railway,  in  New  Mexico  and 
Arizona,  being  at  times  harassed  by  hostile  Indians  and  most  of  the 
time  working  under  the  protection  of  a  military  escort  furnished  by 
the  United  States  Government. 

In  the  summer  of  1881  Mr.  Earley  crossed  the  line  into  Mexico, 
and  thereafter,  and  until  the  time  of  his  death,  played  an  important 
part  in  the  development  of  that  Republic,  occupying  many  positions 
of  importance  and  trust,  among  which  were  the  following: 

In  1881-82,  he  was  Principal  Assistant  Engineer  to  the  late  W.  R. 
Morley,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Sonora  Railway. 
From  November,  1882,  to  April,  1883,  he  was  Principal  Assistant  En- 
gineer to  Lewis  Kingman,  M.  Am.  Soc.  C.  E.,  then,  as  he  is  now,  Chief 
Engineer  of  the  Mexican  Central  Railway.  From  1883  to  1887  Mr. 
Farley's  work  was  near  Guadalajara,  Mexico,  first  as  Chief  Engineer  of 
*  Memoir  prepared  by  Francis  Webster  Blackford,  31.  Am.  Soc.  C.  E. 
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the  surveys  and  construction  work  in  the  rough  country  lying  between 
there  and  Tepic,  described  by  the  late  A.  11.  Wellington,  M.  Am.  8oc. 
C.  E.,  in  his  "Economic  Theory  of  the  Location  of  Kailways";  and  in 
surveying  and  building  the  Guadalajara  Branch  of  the  Mexican  Cen- 
tral, of  which  he  was  Chief  Engineer. 

Subsequently,  Mr.  Earley  was  Chief  Engineer  of  the  Afexican 
Southern  Railway,  and  located  this  road  from  Puebla  to  Oaxaca 
through  a  very  rough  and  difficult  country;  the  road,  however,  was 
built  by  an  English  construction  company  under  its  own  engineer. 
He  was  also  for  a  time  Chief  Engineer  of  the  Cuernavaca  Railway 
during  its  construction  from  the  City  of  Mexico  to  the  Balsas  River, 
and  later  had  charge  of  improvements  and  changes  in  the  line  of  the 
Interoceanic  Railway  between  Mexico  City  and  Vera  Cruz. 

After  1902  Mr.  Earley  was  engaged  in  a  general  engineering  prac- 
tice, with  an  office  in  the  City  of  Mexico,  and,  at  the  time  of  his  death, 
was  Consulting  Engineer  and  a  Director  of  the  Tlahualillo  Cotton 
Company  and  also  of  the  Guerrero  Iron  and  Timber  Company,  which 
is  developing  large  tracts  of  mineral  and  timber  lands  in  the  State  of 
Guerrero,  Republic  of  Mexico. 

At  Auburn,  Maine,  on  January  15th,  1873,  he  married  Miss  Etta 
Sawyer,  daughter  of  James  Sawyer.  This  was  followed  by  thirty-five 
years  of  congenial  companionship,  for  Mrs.  Earley  accompanied  her 
husband  wherever  it  was  practicable  for  a  woman  to  go,  and  shared  the 
hardships  and  wanderings  incident  to  the  lives  of  so  many  engineers. 
She  survives  him. 

Mr.  Earley  was  Chairman  of  the  Entertainment  Committee  at  the 
Annual  Convention  of  the  American  Society  of  Civil  Engineers  in 
the  City  of  Mexico  in  July,  1907,  and  soon  after  that  meeting  went  to 
the  United  States,  where  he  spent  several  months  among  his  old 
friends  and  in  the  haunts  of  his  boyhood  in  Massachusetts.  This  was 
a  pleasant  finale  to  a  long  and  useful,  and  more  or  less  arduous,  life; 
for,  on  returning  to  Mexico,  while  the  steamer  was  lying  in  the  Port 
of  Progreso,  Yucatan,  he  suffered  a  stroke  of  paralysis  from  which  he 
never  recovered,  and  from  the  effects  of  which  he  died  a  few  months 
later  at  the  beautiful  home  in  the  City  of  Mexico  which  his  industry 
had  created  and  his  good  taste  embellished  with  many  evidences  of 
refinement  and  culture. 

Mr.  Earley  was  a  man  of  sterling  character,  and  an  engineer  of 
large  experience  and  good  judgment,  of  which  his  work  bears  evidence. 
He  had  a  cordial,  sociable,  generous  disposition,  and  was  an  entertain- 
ing talker.  His  reminiscences  of  early  experiences  in  the  Western 
countries  and  in  Mexico  could  always  command  attentive  listeners. 

Mr.  Earley  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  April  15th,  1876.  He  was  also  a  member  of  the  Masonic 
Fraternity  and  the  Grand  Army  of  the  Republic. 
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OTHNIEL  FOSTER  NICHOLS,  M.  Am.  Soc.  C.  E. 


Died  February  4th,  1908. 


The  shock  which  is  invariably  felt  at  the  tidings  of  the  death  of  an 
active  man  in  full  health  and  vigor  was  experienced  by  the  many 
friends  of  Othniel  Foster  Nichols  when  they  learned  that  his  life  had 
gone  out  instantly  and  without  warning  in  the  early  morning  of  Febru- 
ary 4th,  1908,  at  his  home,  No.  42  Gates  Avenue,  Brooklyn,  New  York. 
All  the  day  before  he  had  been  actively  engaged  in  his  professfonal 
duties  at  the  Department  of  Bridges,  had  lunched  with  a  group  of  his 
friends  at  the  "Engineers'  Table"  at  the  Astor  House,  when  he  was  as 
jovial  and  affable  as  was  his  wont. 

He  was  descended  from  Ehode  Island  families  which  had  taken  a 
prominent  and  patriotic  part  in  the  affairs  of  the  State,  and  whose 
ancestors  settled  in  the  Ehode  Island  Colony  early  in  the  seventeenth 
century.  The  son  of  Thomas  Pitman  and  Lydia  Foster  Nichols,  he 
was  born  at  Newport,  Ehode  Island,  on  July  29th,  1845.  Early  in  his 
life  the  family  moved  to  Brooklyn,  New  York,  where  he  attended  the 
public  schools,  and  in  1862  entered  a  machine  shop,  where  he  was  em- 
ployed for  several  j'ears  before  beginning  his  professional  training  at 
the  Eensselaer  Polytechnic  Institute,  from  which  he  was  graduated 
with  the  degree  of  Civil  Engineer  in  1868.  This  practical  and  theoreti- 
cal training,  with  a  capacity  for  persistent  and  faithful  work,  made 
him  a  resourceful  man  who  could  readily  adapt  himself  to  any  con- 
ditions. Immediately  after  graduation  he  was  employed  in  the  develop- 
ment of  Prospect   Park,  Brooklyn. 

Mr.  Nichols  took  part  in  building  the  first  elevated  railroad  in  New 
York  City,  and  taught  mathematics  in  the  evening  course  at  Cooper 
Union,  and  in  1870  became  a  member  of  the  engineering  staff  of  Cooper, 
Hewitt  and  Company.  In  1871  he  went  to  Peru,  where  he  was  engaged 
for  four  years  on  the  difficult  work  of  locating  and  constructing  the 
Chimbote  and  Huaraz  and  the  Lima  and  Oroya  Eailways.  Eeturning 
to  the  United  States  in  1876,  he  became  Assistant  Engineer  and  Super- 
intendent of  the  Edgemoor  Bridge  Company  in  the  contract  of  that 
Company  for  building  the  Sixth  Avenue  Elevated  Eailway  in  New 
York.  Owing  to  delays  in  this  work,  caused  by  injunctions,  he  joined 
the  engineering  staff  of  the  Department  of  Parks,  which  had  charge 
of  the  work  of  developing  the  annexed  district,  now  the  Borough  of  the 
Bronx. 

In  1878  he  again  went  to  South  America,  as  Eesident  Engineer  of 

the  Madeira  and  Mamore  Eailroad,  in  Brazil.     This  project  ended  in 

disaster,  and  Mr.  Nichols  was  obliged  to  go  to  London  in  connection 

with  litigation  growing  out  of  it.     In  1879  he  became  Assistant  Engi- 

*  Memoir  prepared  by  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E. 
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neor  in  the  bridge  shops  of  the  New  Jersey  Steel  and  Iron  Company, 
and  in  1882  he  became  Residejit  Engineer  on  the  Louisville  and  Nash- 
ville bridge  across  the  Ohio  Kiver  at  Henderson,  Kentucky.  Upon  the 
completion  of  this  structure,  in  1886,  he  became  Chief  Engineer  of  the 
water-works  of  Westerly,  Rhode  Island,  but  after  a  short  time  he  re- 
signed to  take  part  again  in  the  development  of  the  Elevated  Railway 
system  of  New  York  City,  this  time  as  Principal  Assistant  Engineer 
of  the  Suburban  Rapid  Transit  Company  in  building  what  is  now  the 
Third  Avenue  line  in  the  Borough  of  the  Bronx.  In  1888  he  became 
Chief  Engineer  of  the  Brooklyn  Elevated  Railroad  Company,  in  which 
capacity  he  designed  and  built  a  large  part  of  the  elevated  lines  be- 
longing to  that  company,  while  in  1892  he  became  General  Manager 
of  the  Company.  \Mien  the  "New  East  River  Bridge  Commission" 
was  organized,  in  1895,  and  Leffert  L.  Buck,  M.  Am.  Soc.  C.  E.,  be- 
came Chief  Engineer,  Mr.  Nichols  was  appointed  Principal  Assistant 
Engineer,  and  with  this  great  structure,  now  known  as  the  Williams- 
burg Bridge,  he  was  closely  identified  from  its  beginning.  In  1904  he 
became  Chief  Engineer  of  the  Department  of  Bridges,  which  oflSce  he 
held  for  two  years,  and  from  1906  until  the  abrupt  end  of  his  life  he 
was  Consulting  Engineer  of  the  same  Department.  He  was  therefore 
closely  identified  with  the  design  and  construction  of  all  the  great 
bridges  across  the  East  River,  except  the  Brooklyn  Bridge. 

As  this  brief  outline  will  show,  Mr.  Nichols'  professional  life  was 
one  of  unusual  activity,  and,  while  his  experience  was  varied,  his  time 
and  energy  were  devoted  chiefly  to  structural  work,  and  during  his 
later  years  to  some  of  the  world's  greatest  bridges. 

Mr.  Nichols  showed  keen  interest  and  took  an  active  part  in  pro- 
fessional organizations  other  than  this  Society.  He  became  a  Member 
of  the  Institution  of  Civil  Engineers  of  Great  Britain  on  Eebruary  2d, 
1892,  and  in  1897  the  Institution  awarded  him  the  Telford  premium 
for  his  paper,  "The  Brooklyn  Elevated  Railway."  He  became  a  Mem- 
ber of  the  American  Society  of  Mechanical  Engineers  in  1896.  He  was 
a  Member  of  the  Brooklyn  Engineers'  Club,  and  its  President  in  1904, 
a  Member  of  The  Municipal  Engineers  of  the  City  of  New  York,  and 
its  first  Vice-President.  He  was,  at  the  time  of  his  death  and  for  some 
years  previously.  President  of  the  Engineering  Department  of  the 
Brooklyn  Institute  of  Arts  and  Sciences.  He  was  also  a  member  of 
the  Engineers'  dub  of  New  York,  of  the  Crescent  Athletic  Club,  and 
of  the  Municipal  Club  of  Brooklyn,  a  trustee  of  the  Polytechnic  In- 
stitute of  Brooklyn,  and  a  member  of  the  Vestry  of  St.  Luke's 
Protestant  Episcopal  Church  of  Brooklyn.  He  was  always  active  in 
the  Alumni  Association  of  the  Rensselaer  Polytechnic  Institute,  and 
in  1895  delivered  the  address  to  the  graduating  class  of  that  institu- 
tion. 

Well  read  in  the  best  literature,  and  an  observant  traveler,  he  was  a 
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forceful  writer  and  speaker,  and  as  a  companion  he  was  entertaining 
and  delightful,  with  a  great  fund  of  anecdote  and  reminiscence  drawn 
from  extensive  travel  and  large  acquaintance.  Men  of  great  profes- 
sional attainments  and  of  mental  power  are  often  lacking  in  those 
human  qualities  which  make  them  loved  as  well  as  honored;  but  such 
qualities  Mr.  Nichols  possessed  in  an  unusual  degree.  A  keen  sense 
of  honor  in  his  business  and  professional  relations;  an  unassumed 
pleasure  in  the  success  of  his  friends,  and  a  warm  sympathy  in  their 
reverses;  a  readiness  to  help  those  who  needed  assistance,  not  only  by 
advice  and  good  counsel  drawn  from  his  broad  experience,  but  by  giv- 
ing of  his  substance;  to  his  friends  an  unswerving  loyalty  which  did 
not  stop  to  consider  his  own  personal  interests — these  are  the  qualities 
which  made  for  him  a  host  of  friends,  each  one  of  whom  felt  a  deep 
sense  of  personal  loss  when  they  heard  of  his  untimely  death. 

It  is  not  often  that  a  man  of  mature  years  who  has  attained  high 
professional  standing  shows  a  live  interest  in  young  men  just  begin- 
ning their  life  work.  !Many  students  and  young  engineers  found  in 
Mr.  Nichols  a  ready,  sympathetic,  and  patient  listener  to  whom  they 
could  confide  their  perplexities  and  their  disappointments,  their  hopes 
and  ambitions,  without  danger  of  cynical  comment  or  caustic  criticism. 

His  active,  useful,  unselfish  life,  full  of  buoyant  hope,  and  enriched 
by  a  rare  capacity  for  the  enjoyment  of  friendship  and  association 
with  his  fellows,  came  to  its  close  without  waning  of  power  or  impair- 
ment of  vigor,  and  left  a  fine  example  of  honor,  loyalty  and  rectitude. 

Mr.  Nichols  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  June  7th,  1876,  was  always  active  in  the  affairs  of  the 
Society,  and  served  as  a  member  of  the  Board  of  Direction  in  1892 
and  1893. 
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CHARLKS  FRANCIS  POWKLL,  M.  Am.  Soc.  ('.  E.* 


Died  July  SOtii,  1907. 


The  personal  knowledge  of  the  writer  concerning  General  Powell 
covers  only  the  four  years  that  he  was  stationed  at  New  London,  while 
the  writer  was  associated  with  him  in  the  capacity  of  Assistant  En- 
gineer. Owing  to  General  Powell's  modesty,  he  rarely  spoke  of  his 
previous  career — almost  never  of  his  services  during  the  Civil  War — 
hence,  in  the  preparation  of  this  memoir,  it  has  been  necessary  to 
depend  upon  official  data  and  information  furnished  by  others  for  the 
facts  relating  to  his  early  life,  and  the  writer  wishes  to  make  acknowl- 
edgment of  the  great  aid  and  valuable  information  given  him,  espe- 
cially concerning  General  Powell's  early  life  and  services  during  the 
Civil  War,  by  his  brother,  Captain  A.  O.  Powell,  and  by  Major  Harry 
Taylor,  Corps  of  Engineers,  in  furnishing  authentic  records  and  dates 
concerning  his  service  as  an  Officer  of  the  Corps  of  Engineers.  With- 
out the  aid  of  these  gentlemen,  the  writer  would  have  been  unable  to 
prepare  this  memoir. 

Charles  Francis  Powell  was  born  in  Jacksonville,  Illinois,  on  August 
13th,  1843.  His  ancestors  were  Americans  and  his  great-grandfather 
was  a  soldier  in  the  Revolutionary  War.  Born  without  the  advantages 
of  wealth,  Charles  Francis  Powell  was,  from  boyhood,  obliged  to  depend 
on  his  own  exertions  for  support  and  advancement.  While  quite  young 
he  moved  to  Milwaukee,  Wisconsin,  where  he  obtained  his  early  educa- 
tion in  the  public  and  private  schools.  When  the  Civil  War  broke  out, 
and  before  he  was  eighteen  years  old,  he  began  his  military  career, 
enlisting  on  May  10th,  1861,  as  a  private  in  Company  B,  5th  Wis- 
consin Volunteer  Infantry,  and  afterward  being  promoted  to  Corporal 
and  then  to  Sergeant  Major. 

During  the  Civil  War  he  saw  much  hard  service  and  fierce  fighting, 
and  his  war  record  is  a  brilliant  one.  His  first  service  was  in  the  sup- 
pression of  the  bank  riot  at  Milwaukee  in  the  summer  of  1861 ;  later  in 
that  year  he  was  ordered  East,  and  in  September  took  part  in  the 
advance  into  Virginia.  The  following  year  he  was  with  the  Army  of 
the  Potomac  in  the  Peninsula  Campaign  and  took  part  in  the  Siege  of 
Yorktown,  the  engagement  at  Lee's  Mill,  the  Battle  of  Williamsburg, 
the  engagements  at  Golding's  Farm,  Garnett's  Farm,  Savage's  Station, 
and  White  Oak  Swamp,  and  the  Battle  of  Malvern  Hill,  all  in  less  than 
three  months.  Later  in  that  year  he  was  on  the  field  at  the  Second 
Battle  of  Bull  Run  and  the  Battle  of  Chantilly,  but  was  not  actively 
engaged.  In  September,  1862.  he  took  part  in  the  Antietam  Campaign 
and  on  September  17th  participated  in  the  bloody  Battle  of  Antietam. 
In  November  he  was  in  the  advance  into  Virginia  near  Harper's  Ferry 
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aud  along  the  eastern  base  of  the  Blue  Kidge.  In  1863  he  was  on  the 
Eappahannock  opposite  Fredericksburg;  participated  in  the  Gettys- 
burg Campaign,  aud,  after  a  forced  march,  took  part  in  the  great 
Battle  of  Gettysburg  on  July  2d,  3d,  and  4th.  On  July  5th  he  was  in 
an  action  with  the  enemy's  rear  guard;  later  in  the  month  he  was 
again  in  the  advance  into  Virginia  near  Harper's  Ferry,  and  in  August 
took  part  in  the  enforcement  of  the  second  draft  at  New  York  and 
Albany.     This  was  his  last  active  service  during  the  Civil  War. 

He  was  then  only  about  twenty  years  old,  but  he  was  an  experienced 
soldier,  and  had  seen  harder  service  and  more  of  war  and  actual  fight- 
ing than  falls  to  the  lot  of  many  men  who  are  soldiers  all  their  lives 
and  attain  high  rank.  He  had  put  in  more  than  two  years  of  the 
hardest  sort  of  service,  and  had  taken  part  in  several  of  the  greatest 
and  most  fiercely  fought  battles  of  the  Civil  War  or  of  history,  but  he 
came  out  unscathed,  though  the  writer  has  heard  him  say  that  he 
had  two  or  more  horses  shot  under  him  and  his  cap  carried  away  by  a 
rifle  ball. 

On  September  29th,  1863,  he  was  appointed  a  cadet  at  the  United 
States  Military  Academy  by  President  Lincoln.  At  this  time  the 
number  of  cadets  at  West  Point  was  much  reduced  because  of  the 
disaffection  of  the  southern  Congressmen  and  the  cadets  appointed  by 
them,  and  to  fill  these  vacancies  a  number  of  cadets  were  appointed 
by  President  Lincoln  from  among  deserving  young  soldiers  of  the 
Union  Army,  their  appointments  being  from  southern  Congressional 
Districts  which  then  had  no  cadets  at  West  Point.  Young  Powell  was 
among  the  soldiers  thus  appointed,  his  appointment  being  from  a  South 
Carolina  District,  and  was  stated  to  have  been  for  "soldierly  courage 
and  ability,  faithful  and  brave  conduct  and  gallantry  on  the  field  of 
battle." 

He  passed  his  entrance  examinations  to  West  Point  successfully, 
although,  up  to  this  time,  his  opportunities  for  education  had  been 
somewhat  meager,  and,  for  the  two  years  and  a  half,  or  thereabouts, 
siuce  he  enlisted  he  must  have  had  to  give  up  study  entirely.  He  was 
also  under  the  disadvantage  of  entering  after  the  academic  year  had 
begun,  and  hence  was  behind  his  class,  but  by  hard  work  and  persever- 
ance he  managed,  not  only  to  make  up  back  work  and  keep  up  with  his 
class,  but  to  maintain  a  high  stand.  During  his  last  year  at  West 
Point  he  met  with  an  accident  that  nearly  cost  him  his  life.  At 
cavalry  drill  his  horse  stumbled  and  fell  with  him  and  badly  injured 
his  knee;  tetanus  subsequently  developed,  and  he  was  for  a  long  time 
in  the  hospital,  but  finally  recovered.  Although  he  was  left  permanently 
lame,  it  was  not  sufficient  to  incapacitate  him  for  duty.  In  spite  of  this 
accident,  which  would  have  made  most  men  give  up  entirely,  he  gradu- 
ated twelfth  in  a  class  of  sixty-three  and  was  commissioned,  on  June 
J7th,  1867,  a  Second  Lieutenant  in  the  Corps  of  Engineers.     His  sub- 
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sequent  promotions  in  the  Corps  of  Engineers  were:  First  Lieutenant, 
April  2;kl,  1869;  Captain,  June  17th,  1881;  Major,  January  2Gtli,  1895; 
Lieutenant  Colonel,  January  22d,  1904. 

His  first  duty  as  an  Engineer  Officer  was  with  the  Engineer  Batta- 
lion at  Willets  Point,  New  York,  where  he  served  from  August,  1867, 
to  May,  1871,  as  Company  Officer,  Post  Quartermaster  and  Commissary, 
and  Battalion  Quartermaster,  in  the  latter  capacity  for  the  last  three 
years  of  his  service  at  Willets  Point.  After  leaving  Willets  Point  he- 
served  as  assistant  on  the  geodetic  survey  of  the  Northern  Lakes  for 
nearly  8  years,  and  of  the  Mississippi  River  for  nearly  2  years,  to 
March,  1879,  and  as  assistant  to  Major  George  L.  Gillespie,  Corps  of 
Engineers,  from  April  11th,  1879,  to  October  26th,  1881,  when  he  was 
appointed  Engineer  of  the  13th  Light-house  District.  This  latter  posi- 
tion he  held  until  April  11th,  1888,  at  the  same  time  being  in  charge  of 
various  defenses,  river  and  harbor  improvements,  surveys,  etc.,  in 
Oregon,  Washington,  and  Idaho.  The  Cascades  Canal  and  the  com- 
mencement of  the  great  jetty  at  the  mouth  of  Columbia  Eiver  were 
among  the  most  important  works  of  which  he  had  charge  at  this  time. 

From  May  31st,  1883,  to  November  18th,  1890,  he  was  Secretary 
and  Disbursing  Officer  of  the  Mississippi  River  Commission,  and  was 
charged  with  various  duties  connected  with  the  improvement  of  that 
river;  and  from  1890  to  April  27th,  1893,  he  was  at  Bismarck,  North 
Dakota,  and  Sioux  City,  Iowa,  in  charge  of  the  improvement  of  the 
Missouri  River  above  Sioux  City  and  the  Yellowstone  River,  in  Mon- 
tana and  North  Dakota.  At  the  close  of  the  above  tour  of  duty  he 
was  appointed  Engineer  Commissioner  of  the  District  of  Columbia, 
Washington,  D.  C,  which  position  he  held  until  March  2d,  1897,  when 
he  was  ordered  to  Pittsburg,  Pennsylvania,  and  placed  in  charge  of 
river  and  harbor  work  in  that  district,  which  included  the  improve- 
ment of  Pittsburg  Harbor,  the  Alleghany  River,  the  Monongahela 
River  slack-water  navigation  system,  and  various  other  engineering 
works.  On  January  8th,  1902,  he  assumed  charge  of  the  Connecticut 
District,  comprising  all  river  and  harbor  improvements  in  that  State, 
the  Pawcatuck  River,  between  Rhode  Island  and  Connecticut,  and  the 
defenses  at  the  eastern  entrance  to  Long  Island  Sound,  his  head- 
quarters being  at  New  London,  Connecticut.  Among  the  more  im- 
portant works  in  this  district  were  the  construction  and  equipment 
of  various  emplacements  for  modern  high-power  gvms  and  mortars 
at  the  eastern  entrance  to  Long  Island  Sound,  the  improvement  of 
the  Connecticut,  Thames,  and  Housatonic  Rivers,  and  the  harbors  of 
New  Haven,  New  London,  and  Bridgeport,  besides  a  number  of  other 
smaller  rivers  and  harbors. 

In  the  early  part  of  1906,  while  still  stationed  at  New  London, 
General  Powell  was  taken  with  a  severe  illness,  largely  or  wholly  the 
result  of  over-work,  but,  with  his  extremely  strict  ideas  with  regard 
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to  duty,  he  insisted  upon  still  performing  his  official  duties,  even  while 
confined  to  his  room  and  bed.  The  writer  will  always  remember  one 
occasion  in  particular  when  he  was  directed  to  report  in  person  to 
General  Powell  regarding  certain  official  business,  and  found  him  at 
his  home,  barely  able  to  sit  up,  and  yet  insistent  upon  talking  over  the 
matter  in  hand  and  making  his  decisions,  although  seized  every  few 
minutes  with  violent  fits  of  coughing  and  scarcely  able  to  hold  a  letter 
in  his  hand.  Several  times  during  his  illness  he  recovered  sufficiently 
so  that,  although  contrary  to  the  advice  of  his  physician,  he  went  to 
his  office,  but  finally  his  condition  became  so  serious  that  he  was 
obliged  to  give  up  all  official  duties,  and  on  ]\Iarch  8th,  1906,  he  was 
relieved  of  charge  of  the  District.  His  condition  had  now  become  so 
critical  that,  upon  the  representations  of  his  physician  and  family,  his 
retirement  was  requested  under  the  provisions  of  Section  1244,  U.  S. 
Revised  Statutes.  Before  this  was  done,  however,  and  on  account  of 
his  splendid  record  during  the  Civil  War,  he  was  appointed  Brigadier 
General,  TJ.  S.  Army,  dating  from  March  31st,  1906;  his  retirement 
took  place  three  days  later,  April  3d,  1906. 

After  his  retirement  his  health  greatly  improved  for  a  time,  al- 
though his  family  and  friends  had  scarcely  dared  to  hope  for  it,  but  the 
improvement  was  not  permanent,  and  on  July  30th,  1907,  he  died  at 
St.  Paul,  Minnesota,  where  he  had  moved  with  his  family  after  his 
retirement. 

To  quote  from  the  General  Orders  of  the  Chief  of  Engineers  an- 
nouncing General  Powell's  death:  "All  duties  entrusted  to  him  were 
well  and  faithfully  performed."  Strict  attention  to  duty  and  absolute 
adherence  to  the  law  and  to  his  orders  were  cardinal  principles  of 
General  Powell's  life.  Conscientious  to  the  last  degree,  he  always  gave 
to  his  work  the  most  unremitting  personal  attention,  even  to  the 
smallest  details,  and  it  was  this  close  personal  application  to  the  daily 
routine  and  minor  details  of  his  work,  which  most  men  in  similar 
positions  turn  over  to  their  assistants,  that  took  much  of  his  time  and 
rendered  his  duties  unusually  arduous  and  confining. 

Personally,  General  Powell  was  of  an  extremely  kind,  courteous,  and 
pleasant  disposition;  unassuming  and  modest  in  manner  and  appear- 
ance, yet  always  an  officer  and  a  gentleman.  To  his  assistants  and 
those  with  whom  he  came  into  official  contact  he  was  always  courteous, 
considerate,  and  approachable ;  to  his  family  he  was  devoted. 

He  was  married  on  May  17th,  1883,  at  Albany,  Oregon,  to  Margaret 
Isabelle,  daughter  of  James  H.  Foster,  and  is  survived  by  his  wife  and 
six  children. 

General  Powell  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  3d,  1888. 
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GEORGE   EDWARD  THOMAS.  M.  Am.  Sw.  V.  E.* 


Died  March  6th,  1908. 


George  Edward  Thomas,  born  September  21st,  1841,  in  Haver- 
fordwest. South  Wales,  Great  Britain,  was  the  son  of  John  and  Eliza- 
beth (Walters)  Thomas,  and  one  of  the  youngest  of  ten  children,  seven 
girls  and  three  boys.  He  received  his  early  education  in  the  Grammar 
School  of  Haverfordwest  and  the  National  School  of  Pembroke  Dock. 
In  July,  1856,  he  entered  Her  Majesty's  Academy,  Pembroke  Dock 
Navy  Yard,  and,  upon  his  graduation,  served  under  Oliver  Lang  and 
John  Inman  Fincham,  remaining  until  the  spring  of  1870. 

He  showed  such  marked  energy  and  ability  as  a  youth  that,  when 
resigning  from  Her  Majesty's  service,  his  commanding  officer  at  first 
refused  to  grant  his  release. 

On  October  1st,  1864,  Mr.  Thomas  married  Miss  Elizabeth  Anne 
Jones,  of  Pembroke  Dock;  and,  of  their  five  children,  two  daughters 
and  a  son  survive. 

In  July,  1870,  Mr.  Thomas  moved  to  Chicago,  Illinois,  where  he 
made  his  home  until  1901,  though  his  varied  professional  interests 
were  largely  in  other  fields. 

From  1870  to  1877  he  was  with  the  Illinois  Central  Railroad 
under  Mr.  L.  H.  Clark,  Chief  Engineer.  During  this  time  he  had 
charge  of  the  construction  of  the  superstructure  for  the  first  3  000  ft. 
of  breakwater  for  the  Government  Harbor,  Chicago,  and  also  the  lake- 
shore  protection  for  the  Illinois  Central  Railroad.  Later,  he  put  in  the 
cradles  and  fitted  out  the  transfer  boats  for  that  railroad  at  Cairo, 
Hlinois, 

In  1877  Mr.  Thomas  entered  the  employ  of  William  Sooy  Smith, 

■  M.  Am.  Soc.  C.  E.,  a  pioneer  in  the  use  of  pneumatic  caissons  for 

foundations,    and    had    charge    of    building    and    placing    pneumatic 

caissons  for  a  bridge  over  the  Missouri  River,  at  Glasgow,  Missouri, 

for  the  Chicago  and  Alton  Railroad. 

In  1878  he  was  with  Mr.  C.  E.  Cooley  on  work  for  the  Federal 
Government  on  the  Missouri  River  at  Nebraska  City,  Nebraska. 

In  1879  he  had  charge  of  building  and  sinking  pneumatic  caissons 
for  a  bridge  over  the  Missouri  River  at  Plattsmouth,  Nebraska,  for 
the  Burlington  and  Missouri  River  Railroad. 

In  1880  he  was  called  in  on  a  bridge  over  the  Red  River  in  Arkansas 
for  the  St.  Louis,  Iron  Mountain  and  Southern  Railway. 

In  the  fall  of  1881  he  was  with  General  William  Sooy  Smith  build- 
ing a  bridge  for  the  Charleston  and  Savannah  Railway  at  Hardyville, 
South  Carolina.  Later,  he  put  in  the  foundations  for  a  bridge  over 
the  Yazoo  River,  near  Vicksburg,  Mississippi. 

*  Memoir  prepared  by  the  Secretary  from  material  furnished  by  Mr.  Thomas"  family. 
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Early  in  1883  Mr.  Thomas  had  charge  of  the  installation  of  ma- 
chinery for  the  Kailroad  Appliance  Exposition  in  Chicago,  of  which 
the  late  Mr.  John  McGregor  Adams,  of  the  Adams  and  Westlake  Com- 
pany, of  Chicago,  was  President.  Later  in  the  same  year  Mr.  Thomas 
built  the  first  electric  railroad  for  traffic  at  the  Louisville,  Kentucky, 
Exposition,  for  Mr.  Adams,  this  road  having  been  an  exhibit  at  the 
Eailway  Appliance  Exposition  in  Chicago.  Many  professional  men 
of  the  present  day  will  remember  the  pioneer  engine,  the  old  "Judge." 
Comparing  this  first  power-house  of  his  construction  with  the  great 
power-house  on  59th  Street,  ISTew  York  City,  of  which  he  was  the 
Supervising  Engineer,  Mr.  Thomas  once  wrote : 

"The  horse-power  developed  at  Louisville,  required  to  run  the  first 
electric  railroad,  equalled  fifty;  the  horse-power  developed  at  the  59th 
St.  Power-House  equals  142  000.  The  50  horse-power  at  Louisville 
represented  all  the  then  used  electrical  power  for  street  railroad  pur- 
poses, and  that  at  the  59th  St.  Power-House,  not  one-half  the  amount 
required  in  the  City  of  New  York ;  all  this  change  and  improvement 
in  just  twenty-one  years." 

In  later  years,  apropos  of  Mr.  Thomas'  appointment  as  Supervising 
Engineer  on  this  great  New  York  City  Subway  power-house,  Mr. 
Adams  wrote: 

"Am  much  pleased  to  know  of  the  place  that  has  sought  you.  It 
is  a  great  compliment  to  your  ability  and  skill,  and  I  am  satisfied  no 
one  could  fill  it  more  satisfactorily  than  you." 

In  1883-84  Mr.  Thomas  had  charge  of  building  and  sinking  the 
pneumatic  caissons  used  in  the  construction  of  the  bridge  over  the 
Susquehanna  River  at  Havre  de  Grace,  Maryland,  for  the  Baltimore 
and  Ohio  Railroad,  and,  for  that  railroad,  he  built  and  sunk  the  pneu- 
matic caissons  and  had  full  charge  of  work  on  a  bridge  over  the 
Schuylkill  River  at  Philadelphia,  Pennsylvania. 

His  many  years  of  practical  experience  in  subaqueous  work  made 
him  expert  in  that  branch  of  his  profession.  Concerning  their  mutual 
relations.   General   Sooy   Smith  writes: 

"During  the  many  years  of  his  association  with  us,  he  occupied 
very  important  and  difficult  positions,  and  discharged  his  whole  duty, 
in  every  one  of  them,  with  rare  fidelity  and  ability,  contributing  largely 
to  our  success  in  the  great  works  we  carried  out  with  his  valuable 
assistance.  He  was  indefatigable  in  his  diligence,  and  his  ingenuity 
and  skill  made  him  equal  to  every  emergency." 

In  1886  Mr.  Thomas  had  charge  of  and  sunk  the  shafts  and  drifted 
300  ft.  on  the  Canadian  side,  and  100  ft.  on  the  American  side  of  the 
St.  Clair  River  at  Port  Huron,  Michigan,  for  a  preliminary  tunnel 
under  the  river  for  the  Grand  Trunk  Railroad. 

He  had  charge  of,  built,  and  sunk  the  pneumatic  caissons  for  the 
Huntington  system,  over  the  Ohio  River  at  Cincinnati,  Ohio,  in  1887, 
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and  also,  later,  made  borings  for  the  proposed  bridge  at  Vallejo  Junc- 
tion, California,  for  the  same  system. 

In  August,  1888,  Mr.  Thomas  assumed  full  charge  of  sinking  a 
shaft  for  the  Chapin  Mining  Company,  at  Iron  Mountain,  Michigan, 
for  the  Sooysmith-Poetseh  Freezing  Comi)any.  It  was  the  first  shaft 
sunk  by  the  Poetsch  method  in  the  United  States,  and  was  brought  to 
a  successful  issue  in  the  early  spring  of  1889. 

Charles  Sooysmith,  M.  Am.  Soc.  C.  E.,  writes,  regarding  their 
many  years  of  intimacy  : 

''His  courage  was  an  inspiration  that  pushed  many  a  great  under- 
taking to  speedy  completion,  and  always  helped  those  below  and  those 
with  him  to  work  with  spirit  and  happiness." 

In  1889-90  Mr.  Thomas  had  charge  of  the  construction  of  the  Lubec 
Narrows  Light  House,  at  Lubec,  Maine.  This,  together  with  the 
Shubenacadie  Bridge  at  South  Maitland,  Nova  Scotia,  he  considered 
as  among  his  most  diflScult  works,  both  being  located  on  the  Bay  of 
Fundy. 

Quoting  Mr.  Thomas,  in  a  discussion  of  his  paper  "Piers  of  Mid- 
land Eailway  Bridge,  Shubenacadie  Eiver,  South  Maitland,  Nova 
Scotia,"* 

"I  made  all  the  borings  and  all  the  surveys  in  New  York  harbor 
from  Cortlandt  street  to  Ft.  Tompkins  and  up  the  Kill  von  Kull,  for 
the  proposed  tunneling,  etc.,  which  is  to  be  done  under  New  York  City." 

This  was  for  the  Eoberts-Corbin  Syndicate,  in  1892. 

In  1892-93  Mr.  Thomas  had  charge  of,  and  sunk  part  of  the  caissons 
for  the  New  Central  Bridge  over  the  Plarlem  River,  New  York  City. 
He  was  transferred  to  take  charge  of  sinking  the  pneumatic  caissons 
under  the  Manhattan  Life  Building,  New  York  City. 

From  1894  to  1897  Mr.  Thomas  was  engaged  as  a  civil  and  con- 
sulting engineer  in  Chicago,  Illinois,  among  his  works  being  new  piers 
for  the  Glasgow  Bridge,  construction  contracts  for  the  Lake  Street 
"L"  Railroad  in  Chicago,  and  the  erection  of  a  railroad  bridge  on  the 
St.  Joseph  River,  near  Benton  Harbor,  Michigan. 

From  October,  1897,  to  October,  1898,  he  was  called  in  to  finish 
building  ten  piers  and  several  abutments  previously  begun  for  the 
New  York  and  Ottawa  Railroad  Bridge,  at  Cornwall,  Ontario.  At  the 
conclusion  of  that  contract  he  became  associated  with  the  Engineering 
Contract  Company,  and  for  them  executed  the  following  works :  In 
the  winter  of  1898-99  the  extensive  repairs  to  the  large  dam  of  the 
Royal  Electric  Company  at  Chambly  Canton,  Quebec;  ai»d  in  the 
working  seasons  of  1899  and  1900  the  construction  of  the  piers  for  the 
Midland  Railroad  Bridge  at  South  Maitland,  Nova  Scotia.  This  was 
a  very  difficult  work,  as  it  required  the  placing  and  sinking  of  five 
pneumatic  caissons  in  a  river  having  a  rise  and  fall  of  tide  of  from 

*  Journal.  Western  Society  of  Engineers,  Vol.  VT.  1901.  p.  I7i. 
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24  to  32  ft.,  and  a  current  of  from  8  to  12  miles  per  hour.  Operations 
had  to  be  carried  on  between  tides,  owing  to  the  fact  that  the  incoming 
and  outgoing  water  would  carry  out  all  unsecured  work. 

In  the  spring  of  1900  he  started  the  shafts  for  the  Derby  Lead  Com- 
pany, at  Elvins,  Missouri.  In  the  summer  of  1901  Mr.  Thomas  took 
charge  of  the  construction  of  the  foundations  for  the  Marine  Engineer- 
ing Building  at  the  ISTaval  Academy,  Annapolis,  Maryland,  for  the 
Snare  and  Triest  Company,  of  New  York  City.  In  the  spring  of  1902 
he  resigned,  and  accepted  the  position  of  engineer  for  Noel  and 
Thomas,  of  Baltimore,  Maryland,  contractors  for  the  construction  of 
the  Cadet  Quarters  at  the  Naval  Academy. 

In  the  fall  of  1902  Mr.  Thomas  became  Supervising  Engineer  for 
the  Interborough  Eapid  Transit  Company,  of  New  York  City,  in  the 
construction  of  its  main  power-house  at  59th  Street  and  North  River, 
a  work  of  immense  magnitude,  and  costing  about  $7  000  000. 

In  his  paper,*  "Deep  and  Difficult  Bridge  and  Building  Founda- 
tions," Mr.  Thomas  describes  many  details  of  the  difficult  foundation 
work  done  by  him,  and  some  of  his  experience  with  the  freezing  process 
for  sinking  shafts  through  water-bearing  soil  is  described  in  his  dis- 
cussion of  the  paperf  "Freezing  as  an  Aid  to  Excavation  in  Unstable 
Material,"  by  James  H.  Brace,  Assoc.  M.  Am.  Soc.  C.  E. 

On  March  1st,  1906,  he  became  supervising  engineer  for  Mr.  Francis 
H.  Kimball,  Architect,  on  the  Brunswick  Building,  New  York  City, 
and  in  June  he  was  transferred  by  Mr.  Kimball  to  supervise  the  con- 
struction of  the  City  Investing  Building,  a  34-story  structure  on  Broad- 
way and  Cortlandt  Street,  jNew  York  City.  He  was  engaged  on  this 
work  at  the  time  of  his  death.    Concerning  him,  Mr.  Kimball  writes : 

"His  experience  and  skill  in  his  profession  were  of  great  value,  and 
I  regret  that  his  mantle  cannot  fall  on  someone  who  would  be  able  to 
carry  on  his  work.  He  has  taught  many  what  they  know,  but  I  know 
of  no  one  so  clear  headed  in  time  of  need.  Mr.  Thomas  leaves  to  his 
family  a  splendid  reputation  for  skill  in  his  calling,  and  a  rugged, 
honest  nature  which  stood  out  in  bold  relief  among  his  fellows.  No 
one  knew  him  who  did  not  respect  him,  and  his  loss  is  deplored  by  all." 

Mr.  Thomas  always  commanded  the  confidence  of  those  he  served 
and  of  those  who  served  under  him.  The  former  trusted  him  because 
of  his  ability,  because  what  he  undertook  he  carried  through  success- 
fully; while  the  latter,  who  worked  with  him.  worked  for  him.  He 
had  their  confidence  because  he  was  a  leader  who  could  not  only  direct 
but  could  practically  carry  out  his  plans.  Men  were  always  willing  to 
follow  him.  In  his  hazardous  imdertakings  he  never  ordered  a  man  to 
go  where  he  himself  would  not  personally  lead.  He  was  a  man  of  rare 
executive  ability,  and  his  advice  and  services  were  always  in  demand. 

*  Journal,  Western  Society  of  Engineers,  Vol.  I,  1896,  p.  437. 
+  Transactionx.  Am.  Soc.  C.  E..  Vol.  LII,  1904.  p.  437. 
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Mr.  Thomas  was  an  active  worker  in  cliurch  affairs,  and  at  the  time 
of  his  death  was  a  steward  and  class  leader  in  St.  Andrew's  Methodist 
Episcopal  Church,  New  York  City.  lie  was  also  a  Knight  Templar. 
No  man,  however  humble,  who  ever  came  to  him  for  help  or  counsel 
went  away  empty  handed,  lie  had  a  good  word  and  a  smile  for  all. 
His  men  not  only  respected  but  loved  him. 

In  response  to  the  many  requests  made  to  have  him  write  the  story 
of  his  life,  his  invariable  reply  was,  "Oh,  I'm  too  busy  living;  wait  till 
I  retire."  He  has  written  his  life  on  the  hearts  of  his  fellow  men,  and 
on  the  towering  tablets  of  his  great  and  successful  works. 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  October  5th,  1898,  and  was  for  many  years  a  member  of  the 
Western  Society  of  Engineers. 
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